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       Foreword  

  Perineal trauma is a common event in labour, affecting up to 90 % of primigravidas 
and it is sometimes associated with considerable post-natal morbidity. 

 Statistics show that one in ten women after vaginal delivery will have pelvic fl oor 
dysfunction, so severe that surgery may be required. All authors actually agree that 
the obstetric pelvic fl oor trauma is a heavy reality. 

 Even if the topic of perineal damage following delivery is widely debated in 
many courses and meetings, it seems very interesting having put together different 
specialized approaches: I believe that this text can be very useful not only for stu-
dents but even for every clinician searching for a real upgrading in this fi eld. 

 The strong scientifi c methodology and the deep analysis of the literature allow to 
reach a super-specialized point of view, which is necessary to look at these complex 
problems. 

 This book offers an up-to-date overview of childbirth-related pelvic fl oor dysfunc-
tion covering prevention, diagnosis and management. It encompasses all relevant con-
ditions with particular focus on genital prolapse and urinary and fecal incontinence. 

 Risk factors for pelvic fl oor damage related to childbirth are identifi ed, and a 3D 
simulation of delivery is presented. 

 The role of various diagnostic tools, including pelvic fl oor ultrasonography and 
MRI, is clearly described. 

 The importance of physiotherapy in preventing future alterations is explained, 
and the indications for surgery, which is reserved for more severe situations, are 
discussed. 

 The need for a multidisciplinary approach involving obstetricians, gynecolo-
gists, urologists, midwives, radiologists, physiotherapists, muscle laboratory engi-
neers, and computer technicians is heavily underlined. 

 In conclusion, I am sure that this book represents a useful instrument to prevent 
and treat perineal dysfunction, contributing to female well-being, with important 
social and economic consequences; it will be seen with great interest from all clini-
cians involved in the care of female pelvic fl oor disorders.  

    Roberto     Carone    
President of Italian Continence Foundation

Director of Urological Unit and Spinal Lesions Center – CRF Hospital
Director of Neuro-Urological Dept M Adelaide Hosp – Turin, Italy 
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  Recent progress in obstetrics and in midwife art deserve more attention to perineal 
integrity during vaginal delivery: the hands-off approach allows a more progressive 
distention of pelvic fl oor muscles and a restricted use of episiotomy can reduce the 
risk of perineal lesions, in comparison to the aggressive approach frequently taught 
in obstetric schools during the 1970s and 1980s. 

 Many questions regarding the best way to warrant the integrity of pelvic fl oor 
during delivery and the identifi cation of risk factors for jeopardizing muscular 
lesions are yet unresolved. The relative weight of many variables such as fetal diam-
eters or maternal weight must be taken into full account. And again: which is the 
more physiologic technique to perform vaginal delivery in the different normal or 
abnormal situations and which instruments can we use to reach a better understand-
ing of muscle functions before and after childbearing? Can ultrasonography or mag-
netic resonance help us to have a full evaluation of pelvic fl oor integrity or of the 
damage? And what may we affi rm about electromyography? Unfortunately we can-
not yet be sure that the examinations of all these factors can allow us to reach a 
complete acknowledgment of the relationship between the structures of maternal 
pelvis and fetal body, but we cannot accept the suggestion that an extensive use of 
cesarean section could eliminate these problems, as many data coming from recent 
literature speak against this point of view. 

 As a matter of fact we believe that modern obstetrics cannot know a complete 
progress without a deep understanding of all factors implied in the wonderful and 
for many aspects unresolved mechanism of delivery, but we must work with nature 
to minimize and possibly prevent the damage. 

 The purpose of this text is to help all practitioners, thanks to its multidisciplinary 
approach, to walk along the fi eld of diagnosis and treatment of pelvic fl oor dysfunc-
tion related to delivery, in an attempt to allow to our pregnant patients to go through 
their childbearing without the fear of the dangerous consequences of permanent 
muscle lesions. 

 This challenge is before us, and it is time to work again along this road. 
 Therefore, we must surely and sincerely thank all the fantastic colleagues who 

accepted to help us to complete this text. 

   Pref ace  
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 Our thanks and our remembrance go also to our great friend Lorenzo Spreafi co, 
who left us 2 years ago, after having showed us during his life a great attention to 
patients during their pregnancies and deliveries, and a full ability in the fi eld of 
pelvic fl oor surgery. 

 At the end, but not least, a great thanks to our wives and to our families who sup-
ported us during this work.  

    Milan ,  Italy       Diego     Riva   
    Brescia ,  Italy        Gianfranco     Minini          
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  1      Anatomy and Physiology 
of the Pelvic Floor       

       Gianni     F.  A.     Baudino    

1.1            Introduction: The Pelvic Content 

 The small pelvis in the female contains three reservoirs made of smooth muscle, an 
inner mucosal layer and a fi bro-adipose adventitia externally. The bundles running 
together with the hypogastric fascia, from the pelvic sidewalls toward the midline, 
provide blood and nerve supply. The bladder is a true reservoir, since it is closed 
upward by the vesico-ureteral valves and downward by the urethral smooth- and 
rhabdosphincter. The vagina is not a proper reservoir, since it has not any biologic 
fl uid or solid to contain, but it is the site of the dramatic accommodation that takes 
place during childbirth. It communicates upward with the cervix, which is part of 
the birth canal and has an open bottom that is the introitus. The vagina has not a 
real sphincter at its introitus, but the perineal membrane and muscles, together with 
the perineal body can be seen as a closure mechanism. Posteriorly the rectum is a 
particular kind of reservoir with slow transit, open top and a complex sphincteric 
system. All the three viscera have a proper morphology, a defi nite relationship one 
to each other, and a typical position inside the pelvis. These features are strictly 
associated with their function, as for storage and emptying phases. The position 
and mobility of each organ is basically provided by two mechanisms: On one hand 
the fi xation systems to the connective and muscular structures of the pelvis, which 
are real mesenteries and act as ligaments holding the viscera in place and, on the 
other hand, the pelvic fl oor muscles that support the pelvic content, close the geni-
tal hiatus and compensate the abdominal rising pressures. In particular the 
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muscular sling of the pubococcygeus lifts and moves upward and forward the 
whole pelvic content, acting as an additional sphincter. The pelvic fl oor is a 
dynamic unit that allows the physiology of continence, emptying, sexual function 
and delivery. Pelvic ligaments and fasciae are the anatomic connections that allow 
viscera and muscles to work together. 

 The ligaments of the pelvic regions are usually considered by most anatomists 
as parts of the thickened retropelvic fascia that run along blood and lymphatic 
vessels, nerves and connective tissue, while surgeons consider it as a true fascial 
layer. It becomes denser adjacent to the lateral aspects of uterine cervix and 
vagina, being usually called broad ligament; it is formed by a thin, double plica-
tion of the peritoneum connecting the lateral pelvic structures to the uterus. The 
corresponding fascia that links the cervix and the vagina to the pelvic wall is 
called cardinal or Mackenrodt’s ligament. The posterior part of this fascia extend-
ing from the upper portion of the cervix to the sacral vertebra are indicated as 
uterosacral ligaments.  

1.2     The Bony Pelvis 

 It is made of the two symmetrical coxal or hip bones (composed of ileum, ischium, 
and pubis), sacrum and coccyx. The hip bones are fused to the sacrum posteriorly 
and to each other anteriorly at the pubic symphysis. 

 The bony pelvis is divided into superior or false or greater pelvis and inferior or 
true or smaller pelvis by the pelvic brim, whose structures are the sacral promon-
tory, the anterior sacral ala, the arcuate line of the ilium, the pectineal pubic line and 
the pubic crest that ends in the pubic symphysis. 

 The inferior pelvic outlet is closed by the pelvic fl oor. The muscles of this regions 
have two fundamental functions: they provide support or act as a “fl oor” for the 
abdominal viscera including the rectum, and constrictor or continence mechanism 
to the urethral, anal, and vaginal orifi ces (in females). 

 In comparison to males, females have a pelvis with wider diameter and a more 
circular shape (Fig.  1.1 ). The wider inlet facilitates the engagement of the fetal head 
and parturition. On the other hand, this shape predisposes to subsequent pelvic fl oor 
weakness. Attachment sites for ligaments, muscles, and fascial layers are provided 
by a number of projections and contours.

   The ischial spine, at the midst of the brim of the ischiatic foramen, is the 
anchorage of several connective and muscular tissues. Some authors describe 
the spine and the related ligament complex as a star. The sacrospinous ligament, 
the coccygeal muscle, the posterior portion of the arcus tendineus fasciae pelvis, 
and the arcus tendineus levator ani leaving the spine stand like beams around it. 
The sacrospinous ligament extends from the ischial spines to the lateral margins 
of the sacrum and coccyx anteriorly to the sacrotuberous ligament. During the 
dissection it can be seen as a separate structure, just behind the ischiococcigeus 
muscle, or as a complex with the muscle, superfi cial or deep. The greater and 
lesser sciatic foramina are above and below the ligament (Fig.  1.2 ).
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Anterior border of ala Promontory of sacrum Sacro-iliac joint,
antero-superior part

Arcuate line of ilium

(Pectineal line) Pecten pubis

Pubic crest Symphysis pubis, upper end

  Fig. 1.1    The female bony pelvis       

  Fig. 1.2    The female bony pelvis with the sacro-spinous and the sacro-tuberous ligaments ant 
the  greater and lesser sciatic foramen (Grant (1962) An atlas of anatomy)       
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1.3        The Muscular Pelvic Floor 

1.3.1     Pelvic Diaphragm 

 The pelvic diaphragm is a thin and wide muscular structure that forms the infe-
rior limit of the abdominopelvic cavity. It is formed of a tunnel-shaped muscle 
that extends with its fascia from the symphysis pubis to the coccyx and laterally 
from one wall of the pelvis to the other. The levator ani and coccygeus muscles 
that are attached to the internal surface of the minor pelvis form the muscular 
fl oor of the pelvis. 

 They originate from the pubic bone at the level of pectinate line and from the 
obturator internus fascia and are connected to the coccyx. 

 The levator ani muscle (LAM) is composed of two major muscles: the pubococ-
cygeus and iliococcygeus muscles from medial to lateral. The medial portion of the 
LA is the bulky pubococcygeus muscle that takes origin from the middle of inferior 
pubic rami, the pubic symphysis and anterior portion of its arcus tendineus. The 
arcus tendineus of the LA is indeed a dense structure made of connective tissue, 
running from the pubic ramus to the ischial spine along the surface of the obturator 
internus muscle. The muscle passes behind the rectum in an almost horizontal direc-
tion. The inner aspect forms the margin of the urogenital hiatus, which is crossed by 
the urethra, vagina, and anorectum. 

 The medial portions of the pubococcygeus has been divided in various subparts 
to refl ect the attachments of the muscle to the urethra, vagina, anus, and rectum [ 1 ]. 
These portions are often called by some investigators as the pubourethralis, pubo-
vaginalis, puboanalis, and puborectalis muscles or, all together, as the puboviscera-
lis muscle, because of their attachment to the pelvic viscera [ 2 ]. 

 The pubovisceralis defi nition was originally championed by Lawson and cur-
rently supported by a lot of writings of Delancey [ 3 ,  4 ]. While this term is well 
accepted in the urogynecological literature, it is rarely mentioned in the anatomical 
or gastroenterology textbooks. 

 Lawson felt that the portions of the pubovisceralis muscle are inserted into the 
urethra, vagina, anal canal and perineal body and he assigned respectively the names 
pubouretheralis, pubovaginalis, puboperinealis, and puboanalis muscles to those 
portions. 

 The urethral portion of the muscle forms part of the periurethral musculature; 
parallely the vaginal and anorectal parts insert into the vaginal walls, perineal body, 
and external anal sphincter (EAS) [ 5 ]. 

 Posteriorly the puborectalis portion passes behind the rectal canal and is fused 
with the muscle of the opposite site to form a sling behind the rectum itself. 

 Other parts of the pubococcygeus run more posteriorly taking attachment to the 
coccyx. 

 The lateral part of the levator ani is rather thin and is called iliococcygeus; it 
takes origin from the arcus tendineus of the levator ani and reaches the ischial spine 
and the last two segments of the coccyx. The fi bers from the two sides also fuse to 
form a raphe denominated as the anococcygeal ligament. This median raphe linking 
the anus and the coccyx is known as the levator plate and is the structure on which 
the pelvic organs rest. It is formed by the connection of the two iliococcygeus and 
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the posterior fi bers of the pubococcygeus. During the standing position, the plate is 
almost horizontal and supports the pelvic viscera situated just above, that is the 
rectum and the upper two thirds of vagina. Every event leading to a weakness of the 
levator ani affects this plate and may cause the levator plate to sag. As a conse-
quence of that, the urogenital hiatus opens and predisposes to pelvic organ prolapse. 
Women affected by genital prolapse have been shown to have an enlarged urogeni-
tal hiatus [ 6 ,  7 ]. 

 The coccygeus muscle that runs from the ischial spine to the coccyx and to the 
lower portion of the sacrum forms the posterior part of the pelvic diaphragm. It is 
situated on the anterior surface of the sacrospinous ligament (Fig.  1.3 ). Using 3D 
MRI imaging of the pelvic diaphragm, we can clearly verify its peripheral attach-
ments and illustrate the urogenital hiatus [ 8 ].

   As regards the type of these striated muscle, it has been shown that the majority 
of the fi bers are of the slow-twitch type: they can maintain a constant tone (type I) 
[ 9 ] while an increased presence of fast-twitch (type II) fi bers is present in the peri-
urethral and perianal areas. This concept confi rms that the normal levator ani main-
tains its tone in the upright position to support the pelvic viscera. Furthermore, a 
voluntary contraction of the puborectalis during squeezing may increase the tone to 
balance an increased intra-abdominal pressure. 

Ala of sacrum

Piriformis

Obturator nerve

Coccygeus

Ischial spine
Obturator fascia

Pubo-coccygeus
(Proper)

Femoral ring
Pecten pubis
(Pectineal line)

Symphysis pubis

  Fig. 1.3    The levator ani and its components       
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 The urogenital diaphragm, also called the triangular ligament, is a strong, muscu-
lar membrane that lies in the area between the symphysis pubis and ischial tuberosi-
ties being therefore situated in the triangular anterior portion of the pelvic outlet. 

 The analysis of the urethral structure has led recently to abandon the term “exter-
nal urethral sphincter” because the urethral rhabdosphincter is not really external to 
the urethra, but more properly it surrounds the middle of the urethra. The term 
“urethral rhabdosphincter” has been therefore recommended. 

 In contrast to the levator ani muscles, the rhabdosphincter and perineal muscles 
embryologically develop from the cloaca, with a 2-week delay in striated muscular 
differentiation compared with the LA and other skeletal muscles [ 10 ]. 

 We remember that they are completely separated from the LA by connective 
tissue [ 11 ]. 

 Thus, the striated muscles associated with the viscera are quite distinct from the 
striated skeletal muscle of the pelvic fl oor.  

1.3.2     Anal Sphincters 

 The prolongation of the circular muscle layer of the rectum, expanding caudally 
into the anal canal, becomes the internal anal sphincter (IAS), as reported by 
Varuna Raizada and Ravinder K. Mittal. In a parallel fashion, the longitudinal mus-
cles of the rectum extend into the anal canal and end up as thin septa that penetrate 
into the puborectalis and external anal sphincter (EAS) muscles [ 12 ]. The auto-
nomic nerves, sympathetic (spinal) nerves and parasympathetic (pelvic) nerves 
supply the IAS [ 13 ]. 

 Sympathetic fi bers originate from the lower thoracic ganglia and form the supe-
rior hypogastric plexus. Parasympathetic fi bers originate from the 2nd, 3rd and 4th 
sacral nerves and form the inferior hypogastric plexus, which gives rise, from up to 
down to the superior middle and inferior rectal nerves: they innervate the rectum 
and the anal canal. These nerves synapse with the myenteric plexus of anal canal 
and the rectum. The majority of muscular tone of the IAS is myogenic, i.e., due to 
the properties of the smooth muscle itself. Angiotensin 2 and prostaglandin F2α 
play modulatory roles. Sympathetic nerves mediate IAS contraction through the 
stimulation of α and relaxation through β1, β2, and β3 adrenergic receptors. 

 Recent studies show that low affi nity β3 receptors are predominant in the 
IAS. Anal sphincter relaxation is obtained by stimulation of parasympathetic pelvic 
nerves through nitric oxide containing neurons that are situated in the myenteric 
plexus. A more limited role is played by other potential inhibitory neurotransmitters 
like VIP (vasointestinal peptide) and by CO (carbon monoxide). Acetylcholine and 
substance P are the neuromediators for excitatory motoneurons located in the myen-
teric plexus of IAS. 

 The anatomy of external anal sphincter (EAS) has been largely investigated; it is 
formed by three parts: subcutaneous, superfi cial and deep ones. However, several 
investigators have found that the EAS is constituted only by the subcutaneous and 
superfi cial muscle bundles [ 14 ,  15 ]. 

G.F.A. Baudino
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 The fi rst is located caudal to the IAS, while the superfi cial one surrounds the 
distal part of the IAS. The deep portion is very thin and is often confused with the 
puborectalis muscle. 3D US and RMN studies have confi rmed this anatomical point 
of view. EAS is attached to the perineal body and to the transverse perineal muscle 
anteriorly and to the anococcygeal region posteriorly. We must underline that the 
EAS is not completely circular in all its sections: the posterior part is indeed shorter 
in the inferior aspect. This should not be misconstrued as a muscle defect in the 
axial US and MR images of the lower anal canal. 

 The muscolaris propria of the rectum contains low threshold slowly adapting 
mechanoreceptors: they are involved in the detection of mechanical deformation of 
the myenteric ganglia and of the tension of the longitudinal rectal muscle. 
Mechanical deformations of the anal canal stimulate numerous free and organized 
nerve endings like Meissner, Krause and Golgi-Mazzoni corpuscles. They are 
exclusively sensitive and respond to light touch, pain and temperature. Afferent 
unmyelinated C and larger A fi bers are responsible for neural transmission from the 
rectum and the anal canal to the spinal cord [ 16 ].  

1.3.3     Urethra 

 Female urethra presents an outer layer that is formed by the striated muscular struc-
ture of the urogenital sphincter: it can be found in the middle three fi fths of its length. 
In its upper two thirds, the sphincter-like fi bers are disposed in a circular fashion. In 
the distal part, the fi bers leave the urethra and surround the vaginal wall forming the 
urethrovaginal sphincter; other parts of the same muscle extend along the inferior 
pubic rami above the perineal membrane being indicated as the urethral compressor. 
This muscle is composed mainly by fi bers of the slow-twitch type that are especially 
suited for maintaining a constant tone. When needed, a voluntary muscle activation 
of this striated muscle can increase the constrictive action on the urethra. 

 The urethral mucosa extends from the bladder (that presents a transitional epithelium) 
to the external meatus: its epithelium is primarily a nonkeratinizing squamous one. 
Among its characteristics we must underline that it is hormonally sensitive undergoing 
important changes with stimulation. This submucosal tissue is hormonally sensitive too 
and contains a rich vascular plexus. Groups of a specialized type of arteriovenous anasto-
moses have been found in it: they are thought to provide a watertight closure of the 
mucosa, also thanks to an increase in blood fl ow contemporary to an increase in abdomi-
nal vessel pressure. The considerable quantity of connective tissue that is interspersed 
within the muscle and submucosa contains collagen and elastin fi bers: its function is that 
of a passive addiction to urethral closure. A series of glands, mostly predominant in the 
middle and lower third of the urethra, are found in the submucosal space, mainly along 
its vaginal surface. Therefore we can conclude that the admixture of the smooth and stri-
ated muscle, connective tissue, mucosa, and submucosa accounts for the urethral func-
tional sphincter. This sphincter needs obviously an intact neural control to provide the 
watertight closure of the urethral lumen, the compression of the wall around the lumen, 
and to create a sophisticated means for compensating abdominal pressure changes.  

1 Anatomy and Physiology of the Pelvic Floor
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1.3.4     Pelvic Floor Imaging 

 The anatomy and the functions of pelvic fl oor muscles has been recently deeply 
investigated with MRI and 3D US, so that novel insights have been reached and 
diffused. After that, muscles themselves have been analyzed during contraction 
and defecation with ultrafast CT scanning [ 17 ]. These studies demonstrated that 
the changes of pelvic fl oor hiatus are in relationship with puborectalis activity, 
being smaller during contraction and larger during defecation (Figs.  1.4  and  1.5 ). 
The changes in the pelvic fl oor hiatus size are predominantly related to the 
puborectalis muscle and they refl ect the constrictor function of pelvic fl oor. On 
the contrary the other muscles, i.e., pubococcygeus, ischiococcygeus, and ileo-
coccygeus muscles, are mainly responsible for pelvic fl oor and levator plate 
ascent and descent. The anorectal angle becomes acute and moves cephalad 

  Fig. 1.4    Seated CT defecography, axial images of puborectalis at rest ( a ), squeeze ( b ), and defe-
cation ( c ). Note that the pelvic fl oor hiatus becomes smaller during squeeze and larger during 
defecation (Adapted from Li D, Guo M. Morphology of the levator ani muscle.  Dis Colon Rectum . 
Nov 2007;50(11):1831−1839, with permission)       

  Fig. 1.5    Magnetic Resonance images (MRI) in the mid-sagittal and coronal planes: these images 
were obtained at rest (solid) and squeeze (dotted) and the images were overlapped to show the move-
ments of various structures during squeeze.  LP  levator plate,  AV  anal verge,  ARA  ano-rectal angle       
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during pelvic fl oor contraction, while opposite changes occur during relaxation 
and defecation. Diffusion tension imaging (DTI) with fi ber tractography has 
recently been used to analyze normal pelvic fl oor anatomy in a three-dimensional 
fashion (Fig.  1.6 ) [ 18 ].

1.4           Neuroanatomy 

1.4.1     Puborectalis and Deep Pelvic Floor 

 Even if the concept that pelvic fl oor muscles are innervated from the S2, S3 and S4 
sacral roots is commonly recognized, some controversies regard the innervation of 
levator ani muscle by the pudendal nerve. Varuna Raizada et al. reported that the 
middle layer of LA ( puborectalis m.) is innervated by the pudendal nerve [ 19 ], 
whereas the deeper muscles (pubococcygeus, ileococcygeus and coccygeus) are 
innervated by the direct branches of sacral roots S3 and S4 [ 20 ]. Therefore they 
affi rm that in human the levator ani muscle is innervated by the levator ani nerve 
[ 21 ]. It primarily arises from sacral spinal roots and travels along the intrapelvic 
face of the levator ani muscle with a high degree of variability in branching patterns. 
The consequence of this affi rmation is that pudendal nerve damage may cause dys-
functions of puborectalis m, urethral and anal rhabdosphincters, responsible for uri-
nary and fecal incontinence. 

 In humans, there is some controversy concerning whether or not the pudendal 
nerve also innervates the levator ani muscle [ 22 ,  23 ]. Several observations induce to 
describe a distinct special somatic motor innervation of the rhabdosphincters by the 
pudendal nerve vs. a typical skeletal motor innervation of the levator ani muscle by 
the levator ani nerve.   

  Fig. 1.6    Fiber tractography demonstrates the complex, multidirectional organization of the differ-
ent pubovisceral ( PV ) muscle components in a 28-year-old female subject in both oblique-anterior 
( a ) and anterior-posterior view ( b ). At the bottom of the pelvic fl oor transverse orientation of the 
fi ber tracts are displayed matching the perineal body ( PB ) [ 18 ]       
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1.5     Peripheral Innervation of Urethral and Anal 
Rhabdosphincters 

 The motor neurons that innervate the striated muscle of the external urethral and the 
anal sphincters originate from a localized column of cells in the sacral spinal cord 
called Onuf’s nucleus, expanding in humans from the second to third sacral segment 
(S2–S3) and occasionally into S1. Within Onuf’s nucleus there is some spatial separa-
tion between motor neurons concerned with the control of the urethral and anal sphinc-
ters. Spinal motor neurons for the levator ani group of muscles seem to originate from 
S3–S5 segments and show some overlap [ 21 ]. Extensive studies of the urethral rhabdo-
sphincter, anal rhabdosphincter, bulbocavernosus and ischiocavernosus muscles have 
shown that these muscles are innervated by the pudendal nerve. Traditionally the 
pudendal nerve is described as being derived from the S2–S4 anterior rami, but there 
may be some contribution from S1 and, possibly, little or no contribution from S4. 

 The nerve runs along the lateral aspect of the internal obturator and coccygeus 
muscles and through Alcock’s canal (Fig.  1.7 ). In this portion, it branches into the 
inferior rectal nerve (for the anal rhabdosphincter), the perineal nerve (for the ure-
thral rhabdosphincter, the bulbospongiosus muscle, the ischiocavernosus muscle, 
the superfi cial transverse perineal muscle and the labial skin), and the clitoris dorsal 
nerve. The branches of the perineal nerve are more superfi cial than the latter, and, in 
most cases, travel on the superior surface of the perineal musculature.

   Therefore, Thor and de Groat [ 24 ] conclude that the pudendal nerve does not 
innervate to a signifi cant degree the major muscles of the pelvic fl oor, i.e., iliococ-
cygeus, pubococcygeus or coccygeus muscles. As regards morphology, levator ani 
motor neurons are similar to other skeletal motor neurons, showing large α and 
small γ neuronal cells distributed in the sacral ventral horn. One distinguishing fea-
ture, however, are some projections from levator ani motor neurons into Onuf’s 
nucleus, the location of rhabdosphincter motor neurons: this ought to represent a 
mechanism of coordination between pelvic fl oor and rhabdosphincter functions. 
Unfortunately the position of the LA nerve at the level of the intrapelvic surface of 
the muscles may expose it to be damaged during the passage of fetal head during the 
2nd stage of delivery, thus contributing to the correlations between parity and POP.  

1.6     Reflex Activation of Urethral and Anal Rhabdosphincters 

 The activation of the segmental refl ex by pelvic nerve stimulation related to bladder 
distension stimulates the urethral rhabdosphincter; therefore the afferent inputs 
from the urinary bladder have been emphasized as being of primary importance. 
This refl ex is often referred to as the guarding refl ex or continence refl ex. 

 However, recent studies are placing greater emphasis on urethral afferent fi bers 
[ 25 ], so that some researchers are speculating that the guarding refl ex is actually acti-
vated more vigorously by urethral afferent fi bers: if urine inadvertently begins to pass 
through the bladder neck and into the proximal urethra, a fast closure of the more 
distal urethral sphincter (against any urine loss) is requested more rapidly as com-
pared with simple bladder distensions or increases in intravesical pressure. Since the 
pudendal nerve is composed even by some urethral afferent fi bers (as well as rectal, 
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genital, and cutaneous ones), we may argue that the spinal urethral sphincter activa-
tion by pudendal afferent stimulation is also a manifestation of the guarding refl ex. 

 Internal anal sphincter is innervated by autonomic sympathetic (spinal nerves) 
and parasympathetic (pelvic nerves) terminations. The former originate from the 
lower thoracic ganglia and form the superior hypogastric plexus, whereas the latter 
take origin from the 2nd, 3rd and 4th sacral roots to form the inferior hypogastric 
plexus, giving rise to the nerves that supply the rectum and the anal canal, that is the 
superior, middle and inferior rectal nerves.  

1.7     Inhibition of Urethral Rhabdosphincter Reflexes During 
Voiding 

 Voluntary micturition is a behavior pattern that starts with the relaxation of the rhab-
dosphincter and the pelvic fl oor muscles. This can be detected as a disappearance of 
all EMG activity, which precedes detrusor contraction. The striated anal sphincter 

  Fig. 1.7    Pelvic fl oor innervation (Grant (1962) An atlas of anatomy)       
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relaxes similarly with defecation and with micturition. Voluntary pelvic fl oor mus-
cles contraction during voiding can lead to a stop of micturition, probably because 
of collateral connections to detrusor control nuclei. As a matter of fact descending 
inhibitory pathways for the detrusor have been often demonstrated. Bladder con-
tractions are also inhibited by other refl exes that can be activated by afferent input 
from the pelvic fl oor muscles, perineal skin, and anorectum. 

 In addition to supraspinal inhibitory mechanisms, a spinal, urine storage refl ex 
inhibitory center (SUSRIC) was found: it inhibits the somatic and the sympathetic 
urine storage refl exes, acting on the urethral rhabdosphincter and smooth muscle, 
respectively. Activation of SUSRIC by electrical stimulation of the pelvic nerve 
afferent fi bers occurs simultaneously with the activation of the urethral rhabdo-
sphincter refl ex itself. Possibly the inhibition of rhabdosphincter activity by disten-
sion of the bladder represents a physiological corollary of the high-frequency 
electrical stimulation of pelvic nerve afferent fi bers.  

1.8     Levator Ani Innervation Damage in Childbirth and POP 
(see also Chap.   9    ) 

 It is well known that childbirth represents a risk factor for development of 
POP. Various studies have indicated that the damage to the innervation of the pelvic 
fl oor muscles may be the initial pathological cause for pelvic descent and prolapse 
[ 26 – 30 ]. Many other studies [ 31 ,  32 ] have underlined that levator ani nerve dam-
age follows parturition in about 25 % of women with approximately one-third of 
those showing a persistent nerve damage at 6 months after parturition. On the 
contrary, women undergoing elective cesarean section (CS) (i.e., without preced-
ing labor) showed no signs of levator ani nerve damage, while damage occurred in 
similar proportions of women who had CS after protracted labor as the ones with 
vaginal delivery, i.e., without CS. Furthermore, changes in function of the urethral 
rhabdosphincter were also associated with pregnancy itself (i.e., before labor), and 
these remained evident at 6 months after childbirth. Some experimental studies on 
squirrel monkeys indicate that, in nulliparous animals, the pelvic fl oor muscles 
play a minor role in providing visceral support, thus suggesting that the connective 
tissue plays the major role. On the other hand, after childbirth and consequent 
stretching of the pelvic connective tissue, the muscle may play a compensatory 
role. The levator ani muscle stretching might induce a refl ex muscle activity and 
hypertrophy. 

 Other lesion mechanism than neurogenic and structural damage, such as muscle 
ischemia, may also be operative during childbirth. Although muscle weakness may 
be a common consequence of childbirth injury, it is the strength of muscle contrac-
tion that defi nes its functional integrity. Parous women with stress urinary inconti-
nence (SUI) are subject to signifi cant reduction of duration of motor unit recruitment, 
unilateral recruitment of refl ex response in the pubococcygeal muscle and paradoxi-
cal inhibition of continuous fi ring of motor units in pelvic fl oor  muscles activation 
on coughing. 
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 Another mechanism through which the pelvic muscular support may facilitate 
pelvic organ prolapse is the avulsion of the puborectalis muscle from the pubic rami 
in the multipara. This kind of damage is present in 18–70 % of multiparous women, 
the majority of them showing POP on clinical examination [ 33 – 35 ]. 

 Although not proven in studies, it is reasonable to assume that motor denervation 
is accompanied also by sensory denervation of the pelvic fl oor muscles. In addition 
to denervation injury there may be some further temporary “inhibitors” of pelvic 
fl oor muscles activity, such as periods of pain and discomfort after childbirth, 
increased by attempted pelvic fl oor muscles contraction. 

 All abovementioned factors may lead to a temporary disturbance of pelvic fl oor 
muscles neural control after childbirth. This, in combination with a particularly vul-
nerable pelvic fl oor neural control, might become persistent, even if the factors 
originally leading to the problem disappear. 

1.8.1     Applied Physiology 

 Broadly, the pelvic fl oor muscles can be considered to have two important 
functions. 

 They provide (1) support and physiologic position to the pelvic viscera and 
(2) sphinteric or closure functions to urethra, vagina, and anal canal. In cadavers, 
the pelvic fl oor is shaped like a basin, but in living individuals its shape is like a 
dome [ 36 ,  37 ]. This changes of the pelvic fl oor during contraction, from a basin 
to dome shape, is due to the shortening of the three components of LA muscle. 
At the same time, conversion to the “dome” causes the lift of the pelvic viscera 
(including the rectum) in the cranial direction and provides mechanical support 
to all pelvic fl oor viscera. Therefore, the weakness of these muscles results in 
perineal descent. The puborectalis is generally considered to be fundamental in 
maintaining the anorectal angle [ 38 ]. Contraction of this muscle results in an 
acute anorectal angle; during defecation, its relaxation causes this angle to 
become obtuse. The anorectal angle can be analyzed with contrast defecography 
or MRI. 

 The puborectalis muscle is also involved in the anal canal closure mechanism, 
i.e., in anal canal pressure [ 39 ,  40 ]. 

 In the proximal anal canal the closure pressures are related to the activity of IAS 
and puborectalis muscle, while, in the middle part, also to the contraction of the 
EAS, and, in the distal part, to that of the EAS alone. 

 The consequence of the contraction of the puborectalis muscle is the lifting up of 
the anal canal in the ventral or anterior direction causing the compression not only of 
the anal canal itself, but also of the vagina, and the urethra against the rear aspect of 
pubic symphysis. Therefore there would be a high-pressure zone in the vagina [ 41 ]. 
As a matter of fact the analysis of the vaginal high pressure zone reveals that the 
anterior and posterior pressures are higher than the lateral one, which suggests that 
vagina is compressed in the anterior-posterior direction by the contraction of 
puborectalis. 
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 3D US images show that the dimensions of the pelvic fl oor hiatus become respec-
tively smaller and larger with the contraction of the puborectalis [ 42 ]. During the 
pudendal nerve block, the pelvic fl oor hiatus is increased and the vaginal pressure is 
decreased.   

1.9     Anorectal Function and Fecal Incontinence 

 Feces stored in the colon are transported past the rectosigmoid “physiological sphinc-
ter” into the normally empty rectum, which can store up to 300 ml of contents. Rectal 
distension causes regular contractions of the rectal wall, which is affected by the 
intrinsic nervous (myenteric) plexus, and prompts the desire to defecate. Stool enter-
ing the rectum is also detected by stretch receptors in the rectal wall and pelvic fl oor 
muscles; their discharge leads to the urge to defecate. It starts as an intermittent sensa-
tion, which becomes more and more constant. Contraction of the pelvic fl oor muscles 
may interrupt the process, probably by concomitant inhibitory infl uences to the defe-
catory neural “pattern generator,” but also by mechanical insistence on sphincter con-
traction and the propelling of feces back to the sigmoid colon. The pelvic fl oor muscles 
are intimately involved in anorectal function. Apart from the “sensory” role of the 
pelvic fl oor muscles and the external anal sphincter function, the puborectalis muscle 
is thought to maintain the “anorectal angle,” which facilitates continence, and has to 
be relaxed to allow defecation. Current concepts suggest that defecation requires 
increased rectal pressure coordinated with relaxation of the anal sphincters and pelvic 
fl oor muscles. Pelvic fl oor relaxation allows opening of the anorectal angle and peri-
neal descent, facilitating fecal expulsion. Puborectalis and external anal sphincter 
activity during evacuation is generally inhibited. However, observations by EMG and 
defecography suggest that the puborectalis may not always relax during defecation in 
healthy subjects. 

 The etiology of fecal incontinence is nowadays considered multifactorial and can 
be divided into the following pathophysiologies (1) diarrhea or excessive amount of 
liquid stools, (2) rectal dysfunction, and (3) anal canal closure impairment. Three 
distinct anatomical structures such as IAS, EAS, and puborectalis muscle are involved 
in the physiological anal canal opening and closure. The interaction of these structures 
is fundamental in maintaining rectal continence under different circumstances and for 
different contents (solids, liquids, air). The specifi c role of each muscular component 
has been deeply investigated in several studies. They demonstrated that patients with 
fecal incontinence have often more than one defect in muscles responsible for conti-
nence, and that the severity of symptoms is related to the amount of defects in multiple 
muscles, confi rming the credence to the “multi-hit hypothesis” of fecal incontinence.  

1.10     Pelvic Floor Muscles and Constipation 

 The etiology of constipation, just like that of incontinence, is multifactorial. Two 
major types of constipation are commonly described: (1) slow transit type in which 
the movement of stools through the colon is reduced and (2) outlet obstruction type, 
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in which there are some problems in emptying rectal contents. Outlet obstruction, 
related to pelvic fl oor dysfunction, accounts for 50 % or more cases of constipation 
in adults. Several names, i.e., anismus, pelvic fl oor dyssynergia, paradoxical 
puborectalis contraction, paradoxical sphincter contraction, and dyssynergic defe-
cation have been commonly used to defi ne this condition. Normally, during pushing 
for obtain defecation or in Valsalva maneuver, the respiratory diaphragm and the 
abdominal wall contract together, resulting in an increase in the intra-abdominal 
and rectal pressure. 

 Simultaneously, a relaxation of the pelvic fl oor and anal sphincter is observed. 
Analyzing the rectal and anal sphincter pressures, Rao classifi ed dyssynergic defe-
cation disorders into three different types. 

 Type 1 – increase in rectal pressure but anal sphincter contraction, Type 2 – no 
increase in the rectal pressure and in anal sphincter contraction, and Type 3 – 
increase in the rectal pressure but absent or incomplete sphincter relaxation. 

 Dyssynergic defecation is usually acquired in adult age, but in some cases symp-
toms begin in childhood: this fact suggests that the individual has never been able to 
learn correctly the defecation mechanism. 

 During defecation, pelvic fl oor muscles must undergo two modifi cations: (1) 
pelvic fl oor descent and (2) pelvic fl oor hiatus enlargement. The descent of pelvic 
fl oor muscles leads the anorectal angle below the pubococcygeal line (an imaginary 
line going from the lower end of pubic symphysis to the coccyx) and causes a wid-
ening of the pelvic fl oor hiatus with an increase in the anorectal angle. On the con-
trary, during pelvic fl oor contraction, the anorectal angle is pushed cranially and 
ventrally.  

1.11     Mechanism of Urinary Continence 

 Urethral closure pressure must be greater than bladder pressure, both at rest and 
during increases in abdominal pressure to retain urine in the bladder. The resting 
tone of the urethral muscles maintains a favorable pressure relative to the bladder 
when urethral pressure exceeds the bladder pressure. During activities, a dynamic 
process increases urethral closure pressure to enhance urethral closure and maintain 
continence. 

 At rest continence is assured by a competent sphincter mechanism, including not 
only the striated and smooth muscle sphincter, but also the pelvic fl oor muscles and 
an adequate bladder storage function. Normal kinesiological sphincter EMG record-
ings show continuous activity of motor units at rest (as defi ned by continuous fi ring 
of motor unit potentials), which as a rule increase with increasing bladder fullness. 
Refl exes mediating excitatory outfl ow to the sphincters are organized at the spinal 
level (the guardian refl ex). 

 The L region in the brainstem has also been called the “storage center”. This area 
is thought to exert a continuous exiting effect on the Onuf’s nucleus and thereby on 
the striated urinary sphincter during the storage phase; in humans it is probably part 
of a complex set of “nerve impulse pattern generators” for different coordinated 
motor activities such as breathing, coughing, straining, etc. 
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 The dominant element in the urethral sphincter is the striated urogenital 
sphincter muscle, which contains a striated muscle in a circular confi guration in 
the middle of the urethra and strap-like muscles distally. In its sphincteric por-
tion, the urogenital sphincter muscle surrounds two orthogonally arranged 
smooth muscle layers and a vascular plexus that helps to maintain closure of the 
urethral lumen. 

 Anatomically the urethra can be divided longitudinally into percentiles, with the 
internal meatus representing point zero and the external meatus representing the 
100th percentile. The urethra passes through the wall of the bladder at the level of 
the vesical neck where the detrusor muscle fi bers extend below the internal urethra 
meatus to as far as the 15th percentile. The striated urethral sphincter muscle begins 
at the termination of the detrusor fi bers and extends to the 64th percentile. It is cir-
cular in confi guration and completely surrounds the smooth muscle of the urethral 
wall. Starting at the 54th percentile, the striated muscles of the urogenital dia-
phragm, the compressor urethrae and the urethrovaginal sphincter can be seen. They 
are continuous with the striated urethral sphincter and extend to the 76th percentile. 
Their fi ber direction is no longer circular. The fi bers of the compressor urethrae pass 
over the urethra to insert into the urogenital diaphragm near the pubic ramus. The 
urethrovaginal sphincter surrounds both the urethra and the vagina. The distal ter-
minus of the urethra runs adjacent to, but does not connect with, the bulbocaverno-
sus muscle. Functionally, the urethral muscles maintain continence in various ways. 
The U-shaped loop of the detrusor smooth muscle surrounds the proximal urethra, 
favoring its closure by constricting the lumen. The striated urethral sphincter is 
composed mainly of type 1 (slow twitch) fi bers, which are well suited to maintain-
ing constant tone as well as allowing voluntary increases in tone to provide addi-
tional continence protection. Distally, the recruitment of the striated muscle of the 
urethrovaginal sphincter and the compressor urethrae compress the lumen. The 
smooth muscle of the urethra may also play a role in determining stress continence. 
The lumen is surrounded by a prominent vascular plexus that is believed to contrib-
ute to continence by forming a watertight seal via coaptation of the mucosal sur-
faces. Surrounding this plexus is the inner longitudinal smooth muscle layer. This in 
turn is surrounded by a circular layer of striated muscle. 

 The attachments formed by the fascia connect the periurethral tissue and the ante-
rior vaginal wall bilaterally to the arcus tendineus, whereas the muscular structures 
connect the periurethral tissue to the medial aspect of the levator ani [ 43 ]. Urethral 
support is warranted by a simultaneous action of fascia and muscles working together 
under the neural control. This musculofascial support forms a hammock against 
which the urethra is compressed during any increase in abdominal pressure. 

 The mechanism of continence is furthermore increased by the action of the ure-
thral sphincter. Therefore the failure of one of the support components will not 
always be followed by a situation of stress incontinence, thanks to the compensatory 
effect of the other component. This may explain why urethral hypermobility does 
not produce incontinence in every woman. It may also explain why bulking agents, 
injected in the urethral wall, can be useful in women with urethral hypermobility, as 
they may improve urethral sphincter function. 
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 During physical stress the urethral and anal sphincters may not be suffi cient to 
passively withhold the pressures arising in the abdominal cavity, and hence within 
the bladder and lower rectum. Activation of the pelvic fl oor muscles is mandatory 
and may be perceived as occurring in two steps by two different activation pro-
cesses. Coughing and sneezing are thought to be generated by individual pattern 
generators within the brainstem, and thus activation of pelvic fl oor muscles is a 
preset coactivation and not primarily a “refl ex” reaction to increased intra- abdominal 
pressure. In addition there may be an additional refl ex pelvic fl oor muscle response 
to increased abdominal pressure due to distension of muscles spindle within pelvic 
fl oor muscles. 

 The pelvic fl oor muscles can of course also be voluntarily activated anticipat-
ing an increase in abdominal pressure. Such timed voluntary activity may be 
learned. 

 Functionally, the levator ani muscle and the endopelvic fascia play an interactive 
role in maintaining continence. Impairments usually become evident when the sys-
tem is stressed. The increase in abdominal pressure acts transversally across the 
urethra so that the anterior wall is deformed toward the posterior wall, and the lat-
eral walls are deformed toward one another, thereby helping to close the urethral 
lumen and prevent leakage due to the concomitant increase in intravesical pressure. 
If there are breaks in the continuity of the endopelvic fascia or if the levator ani 
muscle is damaged, the supportive layer under the urethra will be more compliant 
and will require a smaller pressure increment to displace a given distance. During a 
cough, the levator ani muscle contracts simultaneously with the diaphragm and 
abdominal wall muscles to build abdominal pressure. This levator ani contraction 
helps to tense the suburethral fascial layer, thereby enhancing urethral compression. 
It also protects the connective tissue from undue stresses. 

1.11.1     Urogenital Diaphragm (Perineal Membrane) 
and Perineal Body 

 The urogenital diaphragm is a strong, muscular membrane running between the 
symphysis pubis and ischial tuberosities across the triangular anterior part of the 
pelvic outlet. It lies external and inferior to the pelvic diaphragm. It  contains three 
contiguous striated muscles: urethral compressor, urethral sphincter and urethro- 
vaginalis sphincter; its inferior fascia is called the perineal membrane [ 44 ]. 

 The perineal membrane is a complex three-dimensional structure composed by 
two distinct different regions, respectively dorsal and ventral; it is not indeed a sim-
ple trilaminar sheet perforated by pelvic viscera. 

 The more superfi cial ischiocavernosus and bulbocavernosus muscles, in conjunc-
tion with the thin layer of the superfi cial transverse perineal m. [ 45 ], complete the 
inferior aspect of the urogenital diaphragm. The structure fi lls the space between the 
inferior pubic rami and the perineal body, thus closing the urogenital (levator) hiatus; 
it supports and has a sphincter-like effect at the level of the distal vagina; moreover, 
thanks to its attachment to the periurethral striated muscles, it contributes to 
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continence, providing also a structural support for the distal urethra. The posterior 
triangle around the anus does not present a corresponding diaphragm or a similar 
membrane. 

 The perineal body is a pyramidal fi bromuscular structure with a cephalad apex 
situated in the midline between the anus and vagina, linked cranially to the 
 rectovaginal septum. Below this, muscles and fascia converge and interlace 
medially. Attached to the perineal body are situated in the rectum, the vagina and 
the anal sphincter; it also contains smooth muscles, elastic fi bers and nerve end-
ings. During childbirth, the perineal body is heavily distended. Acquired weak-
ness of the perineal body may predispose to defects such as rectocele and 
enterocele [ 46 ]. 

 Using an MRI scan, three distinct perineal body regions are visible: (1) a super-
fi cial region situated at the level of the vestibular bulb, (2) a mid-region corre-
sponding to the proximal end of the superfi cial transverse perineal muscle, and 
(3) a deeper region at the level of the mid-urethra and of the puborectalis muscle 
[ 47 ] (Fig.  1.8 ).

  Fig. 1.8    ( a ) Dorsal lithotomy view and ( b ) left lateral aspect of same image. With removal of pelvic 
bones able to better appreciate superfi cial region ( c ) with BS, STP and EAS. ( d ) Lateral view with BS 
removed to illustrate mid region at proximal STP with PP, PM and PA. With removal of EAS, STP, PP, 
and PM can visualize deep region ( e ) with LR, PVa, PA. IAS visible with EAS removed. PVa muscle is 
barely visible lateral to the vagina in this image. PR-puborectalis, B-bladder, U-urethra, V-vagina, G-GI 
tract. © DeLancey 2010. Kindra A. Larson, et al. Am J Obstet Gynecol. ;203(5):494.e15-494.e21       
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1.12         Endopelvic Fascia and Connective Tissue Supports 

 This structure is situated just beneath the peritoneum and presents various thicken-
ings in different areas. The endopelvic fascia, often called subserous fascia from an 
anatomical point of view, is continuous with the visceral one, which provides a sort 
of capsule containing pelvic organs and allows their displacements and possible 
changes in size. The distinct regions of this structure are indicated with different 
names, both ligaments and fascia. So we can distinguish, e.g., the pubourethral liga-
ments, the broad ligaments, the cardinal or Mackenrodt’s ligaments, the uterosacral 
ligaments, and the arcus tendineus of the pelvic fascia. 

1.12.1     Anterior Compartment Supports 

 The connective tissue supporting the urethra, bladder, and vagina takes origin from 
the arcus tendineus of the pelvic fascia [ 48 ,  49 ]. The pubourethral ligaments are 
situated anteriorly and consist of connective tissue structures that extend from the 
urethra to the pubic bone. 

 Because this represents an attachment of the lower third of the urethra to the 
pubis, it is postulated that exist two separate structures – one supporting the mid- or 
distal urethra and the other adjacent to the bladder neck – that must open it during 
voiding. The distal support is described as a connective tissue that links the vaginal 
wall and the periurethral tissue to the arcus tendineus of the pelvic fascia and to the 
levator ani muscles. 

 Urethropelvic ligaments running from the suburethral fascia at the level of blad-
der neck and proximal urethra to the levators and to arcus tendineus have been 
demonstrated using MRI imaging. DeLancey demonstrated the presence of a fascial 
layer situated suburethrally on the anterior vaginal wall. On the other hand, there is 
little actual endopelvic fascia at the level of the bladder base between the bladder 
and vaginal wall, so that the support is warranted by the lateral attachment of the 
vagina to the arcus tendineus of the pelvic fascia. 

 The pubocervical fascia has been described as a structure extending from the 
symphysis along the anterior vaginal wall to blend with the fascia surrounding the 
cervix. It is continuous with the pubococcygeus muscle laterally and it is suspended 
to the arcus tendineus too.  

1.12.2     Apical Supports 

 The paracolpium and parametrium are the segments of connective tissues surround-
ing respectively the vagina and the uterus. In the mid-vagina, the paracolpium fuses 
laterally with the pelvic [ 28 ]. The cardinal ligaments (also called the ligaments of 
Mackenrodt) extend from the lateral aspects of the cervix and upper third of vagina 
to the lateral pelvic walls. They are connected to a large surface coming from the 
greater sciatic foramen over the piriformis muscles and from the region of the sac-
roiliac joint to the lateral side of sacrum. They represent a condensation of the lower 
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parts of the broad ligaments. Laterally, they are also continuous with the connective 
tissue surrounding the hypogastric vessels. Medially, they are continuous with the 
paracolpium and parametrium and also with the connective tissue of the anterior 
vaginal wall, that is the pubocervical fascia. 

 Posterolaterally we found the uterosacral ligaments that are attached to the cer-
vix and upper vaginal fornices. They attach to the presacral fascia in front of the 
sacroiliac joint. The connective tissue of the latter is continuous around the cervix 
with that of the cardinals. This complex of ligaments, i.e., cardinal and uterosacral 
ligaments, have the responsibility of keeping the uterus and upper vagina in their 
proper place over the levator plate.  

1.12.3     Posterior Compartment Supports 

 The posterior vaginal wall, below the cardinals, is supported from both sides by the 
paracolpium, which is attached to the endopelvic fascia (referred to as rectovaginal 
fascia) and pelvic diaphragm. In this region there is only one attachment to the 
vagina, and there are not two distinct systems for the anterior and posterior vaginal 
sides. Therefore, when an increase of abdominal pressure pushes the vaginal down-
ward, its attachments to the levator muscles prevent this downward movement. 

 Posteriorly, a rectovaginal septum, consisting of fi bromuscular and elastic tissue 
and extending from the peritoneum to the perineal body has been described. We must 
remember that the peritoneal cavity extends to the cranial part of the perineal body dur-
ing fetal life, but it is rapidly closed in early life. Its layers (known as the Denonvillier’s 
fascia) probably become part of the rectovaginal septum that appears to be adherent to 
the surface of the posterior vaginal wall. This fascia forms the anterior margin of 
another potential space, the rectovaginal one. The rectovaginal septum, when intact, 
allows independent mobility of the rectum and the vagina. The mid-posterior vaginal 
wall is connected to the levator ani by the endopelvic fascia. These connections prevent 
the vagina from moving forward during the increases of abdominal pressure. The 
medial aspect of these parallel sheets is referred to as the rectal pillars. 

 In the distal vagina, 2–3 cm above the hymeneal ring, the vaginal wall is connected 
to surrounding structures without any intervening paracolpium. Anteriorly, the vagina 
is fused with the urethra and the connective tissue of the perineal structures of the 
urogenital diaphragm. It blends with the levator ani muscles laterally, while it fuses 
with the perineal body posteriorly. The rectovaginal fascia is thick [ 50 ] and therefore 
the vagina has no mobility in this area [ 51 ]. If the attachments of the perineal mem-
brane to the perineal body is lacking as a consequence of fascial disruption, the bowel 
protrudes downward creating a posterior vaginal wall prolapse. The fascial supports 
for the rectum, that is the lateral rectal ligaments, extend from the posterolateral pelvic 
side wall (about at the level of the third sacral vertebra) to the rectum. 

 As outlined before, the cranial part of the vagina is suspended by the uterosacral 
ligaments. The compartment is rather wide at this point and there is not a direct 
contact between the genital tract and the pelvic walls. 

 In the mid-portion, the shape of the posterior compartment becomes smaller with 
the posterior vagina forming the ventral boundary, while the lateral margins are 
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formed by the pubococcygeus muscle and the dorsal aspect is formed by the 
puborectalis. The lateral margins of the vagina form a visible line indicated as the 
posterior arcus tendineus of pelvic fascia (Fig.  1.9 ).

   Although the vagina in this portion is closer to the fi bers of the levator ani, these 
structures are separated by a perivascular halo. In the lower portion of the posterior 
region, the perivascular halo is lost as the vagina appears fused to the adjacent levator 
ani, perineal body, and anus. The bottom of this compartment is marked where the 
subdivisions of the external anal sphincter and the perineal body can be seen [ 52 ].   

1.13     Relationship Between the Pelvic Floor Muscles 
and the Fascial Support System 

 The interaction between the pelvic fl oor muscles and the supportive ligaments is criti-
cal to pelvic organ support. According to Ashton-Miller and DeLancey, as long as the 
levator ani muscles function to properly maintain closure of the genital hiatus, the liga-
ments and fascial structures supporting the pelvic organs are under minimal tension. 
The fasciae simply act to stabilize the organs in their position above the levator ani 
muscles. The constant tone maintained by the pelvic muscles relieves the tension 
placed on the endopelvic fascia. If the nerves to the levator ani muscles are damaged 
(such as during childbirth), the denervated muscles would atrophy and leave the 

  Fig. 1.9    Cadaver dissection (left) and illustration (right) of posterior compartment of a 56 year old 
multipararous female showing structural relationships after the rectum has been removed. Note the apical 
connections of the upper posterior vagina to the inside of the pelvic wall in a retroperitoneal position. 
These lie below the peritoneum and are dorsal and caudal to what is traditionally referred to as the utero-
sacral ligament. These structures are continuous with the posterior arcus tendineus fascia pelvis. At the 
distal end of the vagina the wall merges into the top of the perineal body. The lateral and dorsal margins 
of the compartment are formed by the levator ani muscles (LA) and the levator plate. The asterisk (*) 
denotes the region of the sacrospinous ligament overlain by the coccygeus muscle. © DeLancey 2007       
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responsibility of pelvic organ support to the endopelvic fascia alone. When the pelvic 
fl oor muscles relax or are damaged, the pelvic fl oor opens and the vagina lies between 
the zones of high abdominal pressure and low atmospheric pressure outside the body. 
In this situation it must be held in place by the suspensory ligaments. Although the liga-
ments can sustain these loads for short periods of time, if the pelvic fl oor muscles do 
not close the pelvic fl oor then the connective tissue will eventually fail and these liga-
ments gradually stretch under the constant load. This viscoelastic behavior leads to the 
development of pelvic organ prolapse. The attachment of the levator ani muscles into 
the perineal body is important and damage to this part of the levator ani muscle during 
delivery is one of the irreparable injuries to pelvic fl oor. It has been shown that up to 
20 % of primiparous women have a visible defect in the levator ani muscle on MRI.  

1.14     Summary and Conclusions 

 Pelvic fl oor muscles have two fundamental functions: they must provide (1) a physi-
cal support to the pelvic viscera and (2) the constrictor mechanism to the anal canal, 
vagina, and urethra. Newer imaging and physiological studies strongly suggest that 
these two functions are quite distinct and are likely related to different components 
of the pelvic fl oor muscles. 

 The pubococcygeus, iliococcygeus, and ischiococcygeus muscles are referred as 
providing the physical support or act as a “fl oor” for the pelvic viscera. On the other 
hand, the puborectalis muscle provides the closure mechanism for the anal canal, 
vagina, and urethra. 

 The urethra and anal canal have two separate sphincters of their own. As regards 
the anal canal these are the IAS and EAS, while for the urethra they are represented 
by the smooth sphincter situated at the bladder neck, and by the striated external 
urethral sphincter. Looking to the physiological studies, it appears that the puborec-
talis muscle may be considered as the 3rd constrictor, with a sphinteric function for 
the anal canal. The puborectalis serves also as a constrictor for the urethra itself. On 
the other hand, the vagina has only one closure mechanism, provided by the 
puborectalis portion or the pelvic fl oor muscle. We believe therefore that puborec-
talis muscle represents the real point of linkage among gastroenterologists, colorec-
tal surgeons, urologists, and urogynecologists: all of them are the subspecialists 
taking care of patients with pelvic fl oor problems or dysfunctions. Recently this 
fi gure may be represented by a kind of new hyperspecialist named perineologist.     
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  2      Perineal and Anal Sphincter Obstetric 
Injury 

             Gianfranco     Minini    

2.1            Introduction 

 Perineal trauma is a common event in fi rst labour, affecting up 90 % of 
 primigravidas and is sometimes associated with considerable postnatal  morbidity 
and mortality [ 1 ]. 

 The patients affected by perineal tears are at increased risk of recurrent severe 
perineal lacerations in subsequent deliveries [ 2 ]. 

 Many of these patients develop subsequent anal incontinence and sexual dys-
functions despite adequate primary sphincter repair [ 3 ]. 

 Around 3–4 % of women after childbirth suffer from faecal incontinence which 
is because of occult anal sphincter injury that has either been missed or it has been 
wrongly classifi ed as a second-degree tear [ 4 ]. 

 It is crucial to ensure that obstetric perineal injuries are recognized and repaired 
appropriately. Unfortunately, the majority of perineal and secondary anal sphincter 
repairs are the sequelae of unrecognized trauma or inadequate primary repair. 

 Missed diagnosis, lack of expertise, poor technique and inadequate training have 
all been suggested as reasons for the high rate of persistent symptoms after primary 
repair [ 5 ]. 

 Identifi cation of risk factors, vigilant monitoring and supervision by senior doc-
tors during diffi cult/instrumental deliveries and good perineal support is recom-
mended for minimizing the risk of perineal trauma as well as morbidity.  
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2.2     Classification of Perineal Lacerations 

 There is considerable inconsistency in the literature regarding the classifi cation of 
perineal tears, especially relating to third- to fourth-degree tears. 

 In an attempt to standardize and produce the most descriptive classifi cation, 
Sultan [ 6 ] originally proposed the classifi cation of obstetric perineal and anal 
sphincter injuries (OASIS) shown in Table  2.1 ; this classifi cation was later adopted 
by the Royal College of Obstetricians and Gynaecologists [ 7 ] and subsequently 
internationally accepted.

   Rectal mucosal tear (buttonhole) without the involvement of the anal sphincter is 
rare and not included in this classifi cation. 

 Based on this classifi cation of perineal lacerations, the episiotomy is comparable 
to a second-degree tear. 

 A schematic representation of the anal sphincter is depicted in Fig.  2.1 .   

2.3     Epidemiology and Risk factors 

 The reported incidence of tears involving the anal sphincter occur in 1.7 % (2.9 % 
in primiparae) in centres where mediolateral episiotomy is practised, compared to 
12–19 % (19 % in primiparae) in centres where midline episiotomy is practised [ 8 ]. 

 Third- and fourth-degree lacerations can follow any type of vaginal delivery. 
Many studies have found that episiotomy is the factor with the strongest association 
with a third- or fourth-degree laceration [ 9 ]. Restrictive episiotomy policies appear 
to have a number of benefi ts compared to routine episiotomy policies. There is less 
posterior perineal trauma, suturing, and pain. 

 Certain other factors have been found to predispose to these lacerations 
(Table  2.2 ). A Cochrane Review of 10 trials [ 10 ] found that, compared to forceps, 
the vacuum extractor was associated with less maternal trauma, and therefore, less 
likely the associate with a third- or fourth-degree laceration. Factors not associated 
with these lacerations include body mass index (BMI), gestational age, marital sta-
tus, pre-pregnant weight, weight gain in pregnancy, height, education, time of birth 
or physical fi tness [ 11 ].

   Table 2.1    Classifi cation of perineal trauma   

 First degree: laceration of the vaginal epithelium or perineal skin only 

 Second degree: involvement of the vaginal epithelium, perineal skin and perineal muscles but 
not the anal sphincter 

 Third degree: disruption of the vaginal epithelium, perineal skin, perineal body and external 
anal sphincter (EAS) and/or internal anal sphincter (IAS): 

   3a: <50 % thickness of external sphincter torn 

   3b: >50 % thickness of external sphincter torn 

   3c: internal sphincter also torn 

 Fourth degree: a third-degree tear with disruption of the anal epithelium as well 
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   Taking an overall risk of 1 % of vaginal deliveries, the reported factors are asso-
ciated with this increased risk of a third-degree tear: birth weight over 4 kg, up to 
2 %; persistent occipitoposterior position, up to 3 %; nulliparity, up to 4 %; induc-
tion of labour, up to 2 %; epidural analgesia, up to 2 %; second stage longer than 
1 h, up to 4 %; shoulder dystocia, up to 4 %; midline episiotomy, up to 3 %; forceps 
delivery, up to 7 % [ 12 ]. 

 A lower risk of third-degree tear is associated with a larger angle of episiotomy. 
In a prospective case-control study, there was a 50 % relative reduction in risk of 
sustaining third-degree tear observed for every 6° away from the perineal midline 
that an episiotomy was cut.  

2.4     Clinical Aspects 

 Vaginal delivery has been directly implicated as a major aetiological factor in 
urinary/faecal incontinence, dyspareunia and uterovaginal prolapse. Although 
some symptomatic women may present early, the majority tend to present much 
later, particularly during the perimenopausal years. This delay may be related to 
embarrassment or to other aggravating factors associated with pelvic fl oor weak-
ness, such as ageing, oestrogen defi ciency and progression of pelvic neuropathy. 
It is, therefore, crucial to ensure that obstetric anal sphincter injuries are recog-
nized and repaired appropriately. Unfortunately, the majority of secondary peri-
neal and sphincter repairs are the sequelae of unrecognized trauma or inadequate 
primary repair. 

 The sphincteric tears are complicated by genital fi stulas in 3 % of cases. 
Maternal injury, as a consequence of failure to recognize and repair anal sphincter 
tear, is one of the most common causes of complaint and litigation arising in labour 
ward practice. 

 The anal incontinence affects the mothers physically and psychologically, and 
they are too embarrassed to seek help. Only 1/3 of patients with faecal incontinence 
had ever discussed the problem with a physician. 

 Table  2.3  reports the symptoms prevalence in third- and fourth-degree tears.

   Table 2.2    Risk factors associated with third- and fourth-degree lacerations   

 Anaesthesia (local and epidural)  Nulliparity 

 Asian or Pacifi c Islander ethnicity  Occiput transverse of occiput posterior position 

 Delivery with stirrups (delivery table, lithotomy)  Operative delivery (forceps > vacuum) 

 Routine episiotomy (midline > mediolateral)  Patient age (<21 years) 

 Increasing birth weight  Use of oxytocin 

 Increased second stage of labour  Birth weight >4 kg 
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2.5        Prevention 

 In Table  2.4  are reported the best strategies to prevent a third- or fourth-degree 
laceration.

   In particular, if one must perform an operative delivery, the use of vacuum extrac-
tor, rather than the forceps for assisted delivery, appears to reduce maternal 
morbidity.  

2.6     Recognition and Identification of Obstetric 
Anal Sphincter Injury 

 In the RCOG second edition (2007) of the guideline about the management of third- 
and fourth-degree perineal tears, these statements are reported:

•    All women having a vaginal delivery with evidence of genital tract trauma should 
be examined systematically to assess the severity of damage prior to suturing.  

•   All women having an operative vaginal delivery or who have experienced peri-
neal injury should be examined by an experienced practitioner trained in the 
recognition and management of perineal tears.    

 With increased awareness and training, there appears to be an increase in the 
detection of obstetric anal sphincter injuries. One observational study showed that 
increased vigilance about anal sphincter injury can double the detection rate [ 13 ]. 
In another study where endoanal ultrasound was used immediately following 

  Table 2.3    Anal sphincter 
tears symptoms  

 Flatus incontinence  30 % 

 Liquid stool incontinence  30 % 

 Solid stool incontinence  4 % 

 Faecal urgency  26 % 

 All symptoms  15–57 % 

  Table 2.4    Preventive 
strategies  

 Allow time for adequate perineal thinning 

 Avoid an operative delivery (forceps > vacuum) 

 Avoid episiotomy 

 Perineal massage during the weeks before delivery in 
nulliparous 

 Lateral birth position 

 Perineal warm packs during the second stage 
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delivery, the detection rate of anal sphincter injury was not signifi cantly increased 
compared to clinical examination alone [ 14 ]. As there are clear diffi culties with 
availability, access to staff trained in endoanal ultrasound on the labour ward, 
image quality and patient acceptability, the use of endoanal ultrasound in detect-
ing anal sphincter injury immediately after delivery should be viewed as a research 
tool at present.  

2.7     Surgical Techniques for Repairing Perineal Tears 

 It is essential that the full extent of the laceration is discerned, including extension 
of the laceration and ‘button holes’ defecting into the rectal mucosa. A careful rectal 
examination should be performed with the use of index fi nger by elevating the ante-
rior rectal wall into the vagina. It is often useful to place a pad (usually a long pack 
of gauze pad) high into the vagina to prevent blood from the uterus of obscuring the 
view. The internal anal sphincter (IAS) is paler in colour than the external anal 
sphincter (EAS) and normally its distal end lies a few mm proximal to the distal end 
of EAS, but under general or spinal anaesthesia the distal end of IAS may be at a 
lower level. 

 Where the Internal Anal Sphincter can be identifi ed, it is advisable to be repaired 
separately with interrupted sutures. The size of suture must be such as 3-0 PDS and 
2-0 Vicryl which may cause less irritation and discomfort. 

 Regarding repair of the external anal sphincter, there are two surgical techniques: 
the overlapping and the end-to-end (approximation) method. The ends of the sphinc-
ter must be clearly identifi ed and grasped with Allis clamps. 

 The end-to-end technique is used to bring the ends of the sphincter together 
using interrupted sutures placed through the capsule and muscle [ 15 ]. 

 Allis clamps are placed on each end of the External Anal Sphincter. Monofi lament 
sutures such as polydiaxanone (PDS) or modern braided interrupted sutures such as 
polyglactin (Vicryl) are placed at ‘posterior, inferior, superior and anterior’ side of 
sphincter. Recent evidence suggests that end-to-end repairs have poorer anatomic 
and functional outcomes than was previously believed [ 16 ]. 

 An alternative technique is overlapping repair of the External Anal Sphincter. It 
brings together the ends of the sphincter with mattress suture and results in a larger 
surface area of tissue contact between the two torn ends. Dissection of the External 
Anal Sphincter from the surrounding tissue with Metzenbaum scissors may be 
required to achieve adequate length for the overlapping of the muscles. The suture 
is passed from top to bottom through the superior and inferior fl aps, then from bot-
tom to top through the inferior and superior fl aps. The proximal end of the superior 
fl ap overlies the distal portion of the inferior fl ap. Two more sutures are placed in 
the same manner. After all three sutures are placed, they are each tied snugly, but 
without strangulation. When tied, the knots are on the top of the overlapped sphinc-
ter ends. Care must be taken to incorporate the muscle capsule in the closure [ 17 ]. 
The overlap technique is favoured by colorectal surgeons for secondary repair. For 
primary repair, either technique can be used [ 18 ]. 
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 Experience of the surgeon, operating theatre and its equipment, asepsis, lighting, 
operating instruments, anaesthesia, material and type of suture as well as medica-
tions are related with the effectiveness of the repair. A delay up to 8–12 h in primary 
repair does not seem to be detrimental to the functional outcome of the procedure.  

2.8     Complications 

 It has been diffi cult to quantify the rates of complication from third- and fourth- 
degree lacerations due to the lack of uniformity in the literature in describing com-
plications. Several studies provided individual rates which when combined gives a 
rough estimate of 15 % for the complication rate of third- and fourth-degree lacera-
tion repairs. The most common complications are listed in Table  2.5 .

   The factors that lead to complications are numerous, but the most common is 
breakdown secondary to infection. Poor approximations due to inadequate surgical 
technique or postoperative hematoma can also result in severe complications. 

 Although rare, necrotizing fasciitis of the perineum has a high rate of morbidity 
and mortality. Often occurring in patients with insulin-dependent diabetes, cancer 
or an immunosuppressive disorder, necrotizing fasciitis is a severe infection due to 
multiple bacterial pathogens, particularly anaerobes. This infection should be man-
aged aggressively with surgical debridement and broad-spectrum antibiotics.  

2.9     Postoperative Management 

 The use of broad-spectrum antibiotics and of postoperative laxatives is recom-
mended following obstetric anal sphincter repair to reduce the incidence of postop-
erative infections and wound dehiscence. 

 Local protocols should be implemented regarding the use of antibiotics, laxa-
tives, examination and follow-up of women with obstetric anal sphincter repair. 

 All women should be offered physiotherapy and pelvic-fl oor exercises for 6–12 
weeks after obstetric anal sphincter repair, and should be reviewed 6–12 weeks 
postpartum by a consultant obstetrician and gynaecologist. 

 If a woman is experiencing incontinence or pain at follow-up, referral to a 
specialist gynaecologist or colorectal surgeon for endoanal ultrasonography 

  Table 2.5    Complications 
of third- and fourth-degree 
laceration repair  

 Anal incontinence 

 Dehiscence 

 Dyspareunia 

 Hematoma 

 Infection (superfi cial cellulitis, necrotizing fasciitis) 

 Perineal abscess 

 Rectocutaneous fi stula 

 Rectovaginal fi stula 
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and anorectal manometry should be considered. A small number of women 
may require referral to a colorectal surgeon for consideration of secondary 
sphincter repair.  

2.10     Future Deliveries and Preconceptional Counselling 

 All women who sustained an obstetric anal sphincter injury in a previous pregnancy 
should be counselled about the risk of developing anal incontinence or worsening 
symptoms with subsequent vaginal delivery and should be advised that there is no 
evidence to support the role of prophylactic episiotomy in subsequent pregnancies. 

 There were no systematic reviews or randomized controlled trials to suggest the 
best method of delivery following obstetric anal sphincter injury. The risk of a sub-
sequent vaginal delivery ranges between 17 and 24 % of worsening faecal symp-
toms. This seemed to occur particularly if there had been transient incontinence. 

 All women who have suffered an obstetric anal sphincter injury should be coun-
selled at the booking visit regarding the mode of delivery and this should be clearly 
documented in the notes. If the woman is symptomatic or shows abnormal anorectal 
manometric or endoanal ultrasonographic features, it may be advisable to offer an 
elective caesarean section. 

 Risk management and potential litigation are important issues in the group with 
previous OASIS who elect to have vaginal deliveries. Informed consent is para-
mount and it is crucial that all these women are carefully examined by digital rectal 
examination following subsequent delivery and that any repair be conducted accord-
ing to protocol by experienced trained personnel.     
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  3      A Computerized Model of Pelvic Floor 
Muscles Physiology During Delivery 

             Maurizio     Serati      and     Giorgio     Bogani    

         Vaginal delivery is complex phenomena involving the activation of several muscles. 
In a normal condition, the descending fetal head meets resistance from the uterine 
cervix, the bone pelvic structures and the pelvic fl oor muscles [ 1 ]. Activation and 
stretch of pelvic muscles may infl uence vaginal delivery-related outcomes and the 
occurrence of pelvic fl oor dysfunctions. In fact, vaginal delivery (in particular the 
second stage of labour) is considered one of the main factors predicting for 
the occurrence of pelvic organs prolapse, urinary incontinence and chronic pelvic 
pain [ 1 – 4 ]. Hence, there is growing interest on this issue. 

 However, the interaction between the fetal head and the pelvic canal is not fully 
understood. In fact, owing to the diffi culties in addressing these features in vivo, 
data on this issue are far from being clear. Several attempts have been done in order 
to clarify the biomechanical features occurring during a vaginal delivery. In particu-
lar, computerized-based models seem to be effective to study the process of vaginal 
delivery and the activation of pelvic fl oor muscles, thus allowing to clarify possible 
causes that may lead to muscle damages and pelvic fl oor dysfunctions [ 3 – 10 ]. 

 Computerized-based models are quantitative analyses based on the principles 
of biomechanical practice. In the 1950s, a mathematical simulation called “fi nite 
element” was introduced to study the effects of mechanical load. This is a numeri-
cal method for fi nding approximate solutions to boundary value problems for par-
tial differential equations. Variational methods are applied in order to reduce an 
error function and produce a stable solution. Accumulating evidence suggested 
that this method could be safely applied to investigate the effects that the descend-
ing fetus has on pelvic fl oor. In fact, this methodological analysis allows to quan-
tify the biomechanical (direct or indirect) activation of pelvic muscles in different 
situations [ 3 ]. 
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 Parente et al. evaluated the applicability of this aforementioned method on par-
turition. In this population, the role of intra-partum pelvic fl oor muscle activation is 
unclear. Although the strongest pelvic muscles may protect the pelvic fl oor from 
delivery-related damages, no data support this assumption. As a matter of fact, we 
can speculate that excessive pelvic muscles training may promote resistance 
between the fetus and the pelvic canal, thus prolonging labour [ 3 ]. The authors, 
using a three- dimensional computational fi nite element model, studied the effects of 
muscle activation on the resistance against the fetal head descensus [ 3 ]. 

 In this investigation, Parente et al. observed that pelvic fl oor muscles activation is 
related to an increase in resistance, thus supporting the assumption that muscles train-
ing increases the time of labour. The authors simulated the movements of the fetus (in 
vertex position) during labour. These movements included engagement, descent, fl ex-
ion, internal rotation and extension. They performed three simulations using different 
values of muscles’ strengths (i.e. passive, 5, 10 and 15 % of muscles activation). They 
observed that the maximum values of forces for passive, 5, 10 and 15 % in muscles’ 
activation was about 26.5 N, 29.5 N, 33.2 N and 37.7 N, respectively [ 3 ]. 

 In another study on this issue, the same study group investigated the infl uence of 
fetal head fl exion during vaginal delivery. Using the same mathematical simulation 
of the above reported study (three-dimensional computational fi nite element model), 
they observed that increase in fetal fl exion is associated with lower resistance 
against the fetal descent. By this point of view, sub-occipito-bregmatic diameter 
(complete fetal head fl exion) reduces opposite forces in comparison to occipito- 
frontal diameter (poor fetal head fl exion) [ 5 ]. Figure  3.1  displays the fi nite element 
model for the four degrees of head fl exion.  

 Similarly, Lien et al. developed a three-dimensional computer model to predict 
muscles stretch at the time of vaginal delivery [ 6 ]. The authors used a model con-
structed from serial magnetic resonance images from a health nulliparous woman. The 
model was used to quantify pelvic fl oor muscles (i.e. iliococcygeus, pubococcygeus 
and puborectalis muscles) stretch induced by delivery [ 6 ]. They observed a sigmoidal 
relationship between fetal head descent and muscle stretch. The largest tissue strain 
reached a stretch ratio (tissue length under stretch/original tissue length) of 3.26 in 
medial pubococcygeus muscle, the shortest, most medial and ventral levator ani mus-
cle. Ileococcygeus, pubococcygeus, and puborectalis muscles reached maximal stretch 
ratios of about 2.7, 2.5 and 2.3, respectively. Therefore, the authors concluded that 
medial pubococcygeus muscle is at greatest risk for stretch-related injury [ 6 ]. 

 In another paper, focusing on three-dimensional computer-based simulation, 
Lien et al. studied the increase in pudendal nerve stretch during delivery [ 4 ]. They 
observed that the strain in perineal nerve branches innervating the anal sphincter, 
posterior labia and urethral sphincter reached values of 33 %, 15 % and 13 %, 
respectively. Interestingly, 25 % in nerves’ strain is the known threshold to cause 
permanent damages in peripheral nerves [ 4 ]. Figure  3.2  shows pudendal nerve 
stretch occurring during the second stage of labour.  

 All these studies, based on computer technology, have several important clinical 
implications. Further computer-based evaluations are necessary to improve knowl-
edge on this still unclear issue. 
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  Fig. 3.1    Finite element with four degrees of head fl exion. The fetal head fl exion ranges from poor 
( a ), moderate ( b ), advanced ( c ) and complete ( d ) fl exion (From Parente et al. [ 5 ]. Used with 
permission)       
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 In conclusion, the embrace of computerized model allows to evaluate pelvic 
fl oor muscles physiology during delivery, thus improving knowledge of phenomena 
potentially affecting impaired intra and post delivery-related outcomes. Although 
there are inherent limitations of this methodology, consisting of non-in vivo evalu-
ation of physiological pregnancy-related modifi cation, these tools are effective to 
evaluate the effects of vaginal birth, thus improving intra- and post-partum out-
comes. Further studies, involving more sophisticated software, are warranted in 
order to improve our knowledge on this issue.    
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  4      Clinical Approach to the Evaluation 
of Pelvic Floor Dysfunctions 

             Giancarlo     Vignoli    

        Genitourinary changes following childbirth and pregnancy are common, and include 
urinary and anal incontinence, pelvic pain, sexual dysfunction and pelvic organ 
prolapse. At present, it is unclear whether or not these changes are a result of the 
pregnancy itself or the mode of delivery (caesarean section or vaginal birth). The 
exact mechanism of injury associating vaginal delivery with pelvic fl oor disorders 
is not known, but is likely multifactorial, potentially including mechanical and neu-
rovascular injury to the pelvic fl oor [ 1 ,  2 ]. Operative vaginal delivery signifi cantly 
increases the risk of PFDs. The evaluation and diagnosis of pelvic fl oor disorders, 
critical precursors of treatment, are feasible without specialized equipment. A spe-
cifi c history, voiding diary, focused physical exam and simple offi ce tests provide 
suffi cient data to diagnose most complaints. This approach frequently can be car-
ried out without additional studies. In other cases, further investigations are needed 
to complete the work-up appropriately. 

4.1     History 

 Traditionally, the goal of treatment is to restore normal pelvic anatomy. However, 
restoration of normal anatomy does not necessarily result in return to normal func-
tion of pelvic organs. This problem has led to a symptom-based approach for the 
evaluation and treatment of pelvic fl oor dysfunctions. During the offi ce evaluation, 
it is, therefore, important to focus the history on patient’s specifi c symptoms and to 
what degree these symptoms affect quality of life. An essential component of the 
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pelvic fl oor history is a description of symptoms and quantifi cation of their  duration, 
frequency and severity, as well as any previous treatment the patient has 
undergone. 

 One way to facilitate a pelvic fl oor history is to give the patient a detailed question-
naire that can be completed prior to her initial offi ce visit. The EPIQ is one of the fi rst 
rigorously validate surveys developed to screen large population for the presence of 
PFDs [ 3 ]. This questionnaire generates scores for four pelvic fl oor disorders: stress 
urinary incontinence, overactive bladder, anal incontinence and pelvic organ prolapse. 

 In each case, a validated threshold is used to defi ne women who meet criteria for 
the disorder. Scores greater than these threshold values have been shown to corre-
spond to signifi cant bother from pelvic fl oor. 

 To simplify collection data, an electronic form of questionnaire has been recently 
introduced [ 4 ]. e-PAQ-PF is an interactive electronic system that allows direct data-
base entry via a touchscreen computer interface (Fig.  4.1 ). Both the original (14 
domain) and enlarged (19 domain) version underwent psychometric testing in pri-
mary and secondary care, where it was found to be valid, reliable and acceptable.  

 The questionnaires are largely designed as outcome measures and are most use-
ful in a research setting. The benefi t to the practitioner not in a research environment 
is that a great deal of information about patient symptoms and the impact of those 
symptoms can be obtained in a short period of time. 

4.1.1     Urinary Symptoms 

 Urinary symptoms range from frequency, urgency and nocturia, to dysuria and 
incontinence [ 5 ].  Urge incontinence , as its name implies, is typically preceded by an 
urge to void, and can involve a trigger such as opening home door, running water or 
cold temperature. 

  Stress incontinence  generally occurs with sudden movements or increases in 
intra-abdominal pressure, such as those brought about by coughing, laughing, 
sneezing or running. 

  Fig. 4.1    e-PAQ-PF        
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 Many women with urinary incontinence have components of both stress and urge 
loss, otherwise called  mixed incontinence . Few key questions may help in assessing 
the incontinence type (Table  4.1 ).

4.2         Implementation of Urinary Symptoms 
by Voiding Diary and Pad Test 

 Voiding diary is an inexpensive way to obtain information about a woman’s daily 
bladder function. It is completed by the patient over a 24 h period and includes oral 
fl uid intake, episodes of incontinence, associated activities and voids. Voiding vol-
umes and times are recorded. The diary alone reveals that symptoms are attributable 
to excessive fl uid intake, resulting in polyuria, or frequency due to OAB syndrome, 
and nocturia assignable to a nocturnal polyuria [ 7 ]. The severity of a patient’s incon-
tinence can be roughly assessed by the type and quantity of protection used (e.g. 
maxi pads or panty liners). 

 Pad test is a more objective method to determine the amount of urine loss [ 8 ]. 
The test may be short term or long term. Short-term test has the advantage of con-
venience and assured compliance. Long-term tests may be more representative of 
daily incontinence. 

   Table 4.1    The Questionnaire for female Urinary Incontinence Diagnosis (QUID) [ 6 ]   

 None of 
the time  Rarely 

 Once in 
awhile  Often 

 Most of 
the time 

 All of 
the 
time 

 Do you leak urine (even small drops), 
wet yourself, or wet your pads or 
undergarments… 

 1. When you  cough  or  sneeze ?  □  □  □  □  □  □ 
 2.  When you  bend down  or  lift something up ?  □  □  □  □  □  □ 

 3.  When you  walk quickly, jog  or 
 exercise ? 

 □  □  □  □  □  □ 

 4.  While you are  undressing  in order to 
use the  toilet ? 

 □  □  □  □  □  □ 

 5.  Do you get such a  strong and 
uncomfortable need  to urinate that you 
leak urine (even small drops) or wet 
yourself before reaching the toilet? 

 □  □  □  □  □  □ 

 6.  Do you have to  rush to the bathroom  
because you get a  sudden, strong need  
to urinate? 

 □  □  □  □  □  □ 

  Scoring 
 Each item scores 0 (None of the time), 1 (Rarely), 2 (Once in awhile), 3 (Often), 4 (Most of the 
time) or 5 (All of the time). Responses to items 1, 2 and 3 are summed for the Stress score; and 
responses to items 4, 5 and 6 are summed for the Urge score  

4 Clinical Approach to the Evaluation of Pelvic Floor Dysfunctions



44

 Short-term test generally involve the subject drinking a known volume of liquid 
or undergoing retrograde fi lling of the bladder. A preweighed sanitary pad is applied. 
The individual is instructed to perform specifi c activities such as coughing, running 
in place, bending and lifting, and handwashing. The testing interval can range from 
15 min to 2 h. At the end of the test period, the pad is removed and weighed. 

 Long-term test is conducted under normal living conditions for 24–48 h. Each pad 
is preweighed and then weighed again after use by the patient at home, or alterna-
tively, the pad is placed in an airtight plastic bag and weighed later by the clinicians. 

 According to ICS, the normal upper limits are 1 g for short-term test and 8 g for 
24 h test. 

 The range for ‘mild incontinence’ is between 1.3 and 20 g, ‘moderate inconti-
nence’ ranges from 21 to 74 g, and ‘severe incontinence’ is defi ned as 75 g or more 
in 24 h. 

4.2.1     Pelvic Prolapse Symptoms 

 Minimal pelvic organ prolapse is usually asymptomatic. However, vaginal or uter-
ine descent at or through the introitus can become symptomatic. 

 Symptoms of pelvic organ prolapse may include a sensation of vaginal fullness 
or pressure, sacral back pain with standing, vaginal spotting from ulceration of the 
protruding cervix or vagina, coital diffi culty, lower abdominal discomfort and void-
ing and defecatory diffi culties. Typically, the patient feels a bulge in the lower 
vagina or the cervix protruding through the vaginal introitus. Symptoms of voiding 
dysfunction, such as straining, hesitancy, intermittent fl ow, incomplete emptying, 
postvoid dribbling, are often associated to vaginal pressure or bulging.  

4.2.2     Bowel Symptoms 

 Several faecal incontinence surveys attempt to quantify and qualify the severity of 
faecal incontinence. Two examples are the Fecal Incontinence Quality of Life Scale 
produced by Rockwood et al. and the Fecal Incontinence Questionnaire by Reilly 
et al. [ 9 ,  10 ]. Conversely, constipation surveys based on Rome III criteria seems less 
reliable [ 11 ]. 

 However, patients who present for evaluation of bowel symptoms, particularly 
faecal incontinence, usually have had to overcome extreme embarrassment over 
their condition prior to their offi ce visit. Care should be given to the manner in 
which the topic is approached in order to promote an open and comfortable 
discussion. 

 Questions about bowel function should include frequency of evacuations, faeces 
consistency, and presence of constipation. Faecal incontinence may include gas, 
liquid or solid stool. 

 Vaginal delivery is widely accepted as the most common predisposing factor to 
faecal incontinence in an otherwise young and healthy woman [ 7 ]. Vaginal delivery 
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may result in internal or external anal sphincter disruption, or may cause more 
 subtle damage to the pudendal nerve through overstretching and/or prolonged com-
pression and ischaemia. An obstetric history should be taken carefully: prolonged 
second stage of labour, forceps delivery, signifi cant tears and episiotomy, among 
other causes, are associated with increased risk for anal sphincter disruption and 
pudendal nerve injury. 

 Faecal urgency also must be differentiated from faecal incontinence because 
urgency may be related to medical problems other than anal sphincter disruption. 

 If constipation is the chief complaint, “splinting”, i.e. the use of a fi nger pressing 
in the vagina or on the perineum during faecal evacuation, can be a sign of posterior 
prolapse or rectocele.  

4.2.3     Sexual Symptoms 

 Sexual dysfunction includes disorders of sexual desire, arousal, orgasm and pain. 
 Like faecal incontinence, many patients are reluctant to proffer their sexual com-

plaints, even when a sexual issue might be the very reason why the patient is seek-
ing help. Thus, the responsibility of gathering a sexual history lies with the clinician, 
more than self-completion questionnaires. A good general strategy might be a step-
by- step approach: fi rst, by explaining the rationale for inquiring about sexual topics, 
while sympathizing with the patient reluctance to discuss intimate topics; then grad-
ually introducing the topic of sexual issues, and fi nally addressing questions about 
the overall level of sexual interest and satisfaction and the presence of discomfort, 
pain or incontinence during sexual activity. Pain is the most common disorder in the 
post-partum as a consequence of perineal trauma. Although many women experi-
ence sexual problems in the post-partum period, the subject is still underexplored. 
Embarrassment and preoccupation with the newborn are some of the reasons why 
many women do not seek help.   

4.3     Physical Examination 

 Once a complete history has been obtained, a focused physical examination should 
be performed. Attention should be centred on elements specifi c to pelvic fl oor 
disorders. 

 Inspection should consist of a careful visual examination of the perineal body 
and anus. The vagina should be checked with the aid of a speculum. Examination of 
the anal region may reveal skin tags, haemorrhoids, anal fi ssures, scars or chemical 
dermatitis. Rectal prolapse or fi stulae may also be present. 

 After obstetric injuries, a discrete sphincter defect will almost always be anterior 
in location and be associated with loss of the perineal body or attenuation of the 
rectovaginal septum. Sometimes, however, the connective tissue of the perineal 
body is intact and only the sphincter has failed to heal. With an intact anal sphincter, 
the creases in the anal skin are arranged radially around the anal canal. When the 
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sphincter is disrupted and the perineal skin is intact, there is a classic dovetail 
appearance to the anus, in which the radial distribution of the anal skin creases is 
absent anteriorly. 

4.3.1     Pelvic Prolapse Quantification (POPQ) 

 The POPQ system, introduced by the ICS in 1996, describes the location and sever-
ity of prolapse using segments of the vaginal wall and external genitalia, rather than 
the terms cystocele, rectocele and enterocele [ 12 ]. 

 While the patient is straining, six specifi c sites are evaluated. Measure each site 
(in centimetres) in relation to the hymenal ring, which is a fi xed, easily identifi ed 
anatomic landmark. The hymenal ring is the zero point of reference. If a site is 
above the hymen, it is assigned a negative number; if it prolapses below the hymen, 
the measurement is positive. 

 The six POPQ sites are (Fig.  4.2 ) as follows: 

•     Aa : The point in the midline of the anterior vaginal wall 3 cm proximal to the 
urethral meatus, corresponding to the urethrovesical junction. By defi nition, the 
range of position Aa is −3 to +3.  

•    Ba : On the anterior vaginal wall, the most dependent position between point Aa 
and the vaginal cuff or anterior vaginal fornix.  

•    C : Cervix or vaginal cuff (posthysterectomy).  
•    D : Posterior fornix corresponding to the pouch of Douglas (this point is omitted 

in the absence of a cervix).  

  Fig 4.2    Points to measure 
during POP-Q pelvic 
examination       
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•    Ap : The point in the midline of the posterior vaginal wall 3 cm proximal to the 
hymenal ring. By defi nition, the range of position Ap is −3 to +3.  

•    Bp : On the posterior vaginal wall, the most dependent position between Ap and 
the vaginal cuff or posterior fornix.    

 Two additional measurements are made in centimetres while the patient is straining:

•     GH : The genital hiatus is measured from the midportion of the urethral meatus 
to the posterior margin of the genital hiatus.  

•    PB : The perineal body is measured between the posterior margin of the genital 
hiatus and the midportion of the anus.    

  While the patient is not straining , a ninth measurement is made:

•     TVL : Total vaginal length is the greatest depth of the vagina.    

  Staging each compartment . When all nine of these measurements have been 
taken, a stage can be assigned to each compartment: anterior, apex (uterine or vault) 
and posterior. The stages are as follows:

•    No prolapse is demonstrated. Points Aa, Ap, Ba and Bp are all at −3 cm and 
either point C or point D is within 2 cm of TVL. Stage 0  

•   The most distal portion of the prolapse is 1 cm above the level of the hymen 
(above −1). Stage I  

•   The most distal portion of the prolapse is 1 cm proximal to or distal to the hymen. 
Stage II  

•   The most distal portion of the prolapse is 1 cm below the hymen but protrudes no 
further than 2 cm less than the total vaginal length. Stage III.  

•   Complete eversion is present. Stage IV.    

 Unfortunately, the detail in making and recording nine measurements has been 
an impediment to more widespread clinical adoption of this system in favour of its 
‘rival’, the Baden–Walker Halfway Scoring System. A POP–Q simplifi ed system 
based on POP–Q with similar ordinal staging but with only four points measured 
instead of nine (Aa, Ba, C, D) has been developed. Evaluation of the interobserver 
reproducibility and intersystems reliability (in comparisons with the standard 
POP–Q system) showed good correlation [ 13 ]   

4.4     Simple Office Tests 

4.4.1     Postvoid Residual Urine (PVR) 

 The PVR should be measured within few minutes of voiding by catheterization or 
ultrasonography. When using ultrasound, transabdominal imaging is performed in 
the transverse and mid-sagittal planes. Once the measurements of the bladder’s 
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diameter in three planes (anterior-posterior, transverse and sagittal/longitudinal) are 
obtained, the volume can be calculated using the formula:

  
Volume mL height cm length cm width cm( )= ( )´ ( )´ ( )´0 52.    

More recently, a dedicated ultrasound system has been developed for automatic 
measurement of PVR, thereby improving the accuracy over catheterization which 
has been largely abandoned in clinical practice. 

 In general, a PVR less than 50 ml is considered adequate bladder emptying and 
over 200 ml is considered inadequate emptying. 

 The documentation of the PVR is a prerequisite for any incontinence or anterior/
apical prolapse procedure since the clinician will need this information to interpret 
any postoperative voiding diffi culties and to counsel patients at increased risk of 
such diffi culties.  

4.4.2     Stress Test 

 A bladder stress test simulates the accidental release of urine (urinary incontinence) 
that may occur during cough, sneeze, laugh or exercise. Leakage of urine/water 
from the urethra coincident with coughing or straining after retrograde fi lling of the 
bladder with a known amount (usually 250–300 mL) of fl uid demonstrates a posi-
tive stress test. This can be attempted fi rst in the lithotomy position, but standing 
may be necessary to demonstrate leakage. A positive stress test performed with 
patient in supine position after emptying the bladder may indicate severe inconti-
nence due to sphincteric damage. The demonstration of “stress incontinence” dur-
ing simple bladder fi lling has a sensitivity of 88.1 % and a specifi city of 77.1 % for 
the diagnosis of “genuine” stress incontinence, with a positive predictive value of 
82 % and a negative predictive value of 84.4 % [ 14 ].  

4.4.3     Q-Tip Test 

 In women with stress urinary incontinence, it is important to determine whether 
urethral hypermobility is present, since most of the surgical interventions for stress 
incontinence are designed to increase support to this area. 

 A standard sterile cotton swab lubricated with anaesthetic jelly is passed through 
the urethra just to the level of the bladder neck. The axis of the applicator is observed 
at rest and with coughing or Valsalva manoeuvre. A positive straining angle of 30° 
or greater from the horizontal indicates urethrovesical junction (UVJ) hypermobil-
ity. A straining angle of less than 30° indicates adequate UVJ support or hypomobil-
ity. The Q-tip test, however, is a quite inaccurate test. Compared with ultrasound 
measurements, it shows a sensitivity of 25 %, specifi city of 78 %, positive predictive 
value of 67 %, and negative predictive value of 37 %. Furthermore, it exhibits a 
wide inter-observer variability [ 15 ].  
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4.4.4     Neurourologic Examination 

 Urinary incontinence, faecal incontinence, urinary retention and other pelvic fl oor 
disorders may be the presenting symptoms of neurologic disease. As such, all 
women with these symptoms should undergo, at minimum, a screening lumbosacral 
neurologic examination. This screening examination should include assessments of 
anal sphincter resting tone, voluntary anal contraction and perineal sensation. This 
simple screening examination can be performed quickly and easily as part of the 
gynaecologic examination. When abnormalities are noted, or when an individual is 
suspected of having neurologic dysfunction, a comprehensive neurologic examina-
tion with particular emphasis on the lumbosacral nerve roots should be performed.  

4.4.5     Evaluation of Pelvic Floor Muscle Strength 

 The assessment of the strength of the pelvic-fl oor musculature is done by placing 
one or two fi ngers in the vagina and instructing the patient to contract the pelvic 
fl oor muscles (i.e. the levator ani muscles). The ability to contract these muscles as 
well as the strength, symmetry and duration of the contraction are assessed [ 16 ]. 

 The strength of the contraction can be subjectively graded with a modifi ed 
Oxford scale (0 = no contraction, 1 = fl icker, 2 = weak, 3 = moderate, 4 = good, 
5 = strong). 

 The evaluation of pelvic fl oor muscles is mandatory when a PFMT programme 
is planned.   

4.5     Indications for Further Evaluation 

 The role of urodynamics in women with stress urinary incontinence remains contro-
versial. Two recently published randomized controlled trials, the Value of 
Urodynamic Evaluation (ValUE) in the USA and the Value of Urodynamics prior to 
Stress Incontinence Surgery (VUSIS) in the Netherlands [ 17 ,  18 ], do not support the 
routine use of urodynamics before surgery in women likely to have genuine stress 
incontinence since it does not seem to improve signifi cantly the outcome. 

 Detailed discussion on this hot topic is beyond the scope of this chapter. It is 
enough to say that urodynamics are merely tests that provide additional information 
regarding lower urinary tract symptoms. Although they would not be expected to 
improve the outcome of continence surgery, they offer valuable information to the 
surgeon and to the patient. 

 Stress urinary incontinence surgery may be performed without preoperative uro-
dynamic studies in women with uncomplicated stress predominant urinary inconti-
nence who have a positive offi ce stress test, normal postvoid residual and normal 
urinalysis. However, in patients with more challenging issues, such as previous sur-
gery for incontinence, concomitant prolapse, urge-predominant incontinence or 
neurologic disease urodynamics has still a pivotal role.     
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  5      Echographic Diagnosis of Childbirth- 
Related Pelvic Floor Injuries 

             Giulio     A.     Santoro       and     Maher     A.     Abbas     

5.1             Introduction 

 During childbirth, pelvic organs (bladder, urethra, uterus, vagina, rectum, anal canal) 
and pelvic fl oor muscles, fascia, and ligaments may be damaged to some extent. Pelvic 
fl oor injuries can be identifi ed immediately after childbirth or, more often, they may 
cause symptoms (urinary and fecal incontinence, voiding dysfunction, obstructed defe-
cation, and pelvic organs prolapse) many years later. Damage to the anal sphincters is 
common but underdiagnosed at the time of delivery. Third- or fourth-degree tears are 
identifi ed clinically after childbirth in 0.6–9 % of patients [ 1 – 6 ]. However, studies using 
two-dimensional endoanal ultrasonography (2D-EAUS) reported that trauma involving 
one or both sphincter muscles occurs in up to one-third of primiparous women [ 7 ], 
indeed, the true incidence of injury is probably closer to 11 %, as found using three-
dimensional (3D) imaging modality [ 8 – 11 ]. In subsequent deliveries, it has been esti-
mated that 8.5 % of women will develop sphincter laceration [ 12 ,  13 ]. Between one-third 
and two-thirds of women who sustain a recognized obstetric third-degree tear subse-
quently suffer from fecal incontinence (FI) [ 14 ]. In females who present with late onset 
FI, there is a high incidence of sphincter injury involving the external anal sphincter 
(EAS) in 90 % of cases and the internal anal sphincter (IAS) in 65 % of cases [ 14 ]. 
Injury to levator ani (LA) muscle as a result of vaginal birth has been documented using 
magnetic resonance imaging (MRI) [ 15 – 18 ], transperineal ultrasonography (TPUS) 
[ 19 – 25 ], and endovaginal ultrasonography (EVUS) [ 26 – 28 ]. It has been established that 
damage to this muscle, that represents an important element of the structural support 
mechanism in the pelvis, increases the risk of pelvic organ prolapse (POP) [ 29 ,  30 ]. 
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 In this chapter, the different US techniques (2D/3D EAUS, EVUS, TPUS) to 
assess childbirth-related pelvic fl oor injuries and the clinical relevance of US diag-
nosis in the management of these conditions are described in detail [ 31 ].  

5.2     Ultrasonographic Techniques 

5.2.1     Transperineal Ultrasonography 

 Transperineal US is performed with the patient placed in the dorsal lithotomy, with 
the hips fl exed and abducted, positioning a convex transducer translabial or on the 
perineum between the mons pubis and the anal margin (Fig.  5.1 ) [ 32 ]. Imaging is usu-
ally performed at rest, on maximal Valsalva maneuver, and on pelvic fl oor muscle 
contraction (PFMC). To avoid false negative results, transducer pressure on the 
perineum must be kept to a minimum consistent with good tissue contact, in order to 
allow full development of pelvic organ descent. Conventional convex transducers 
(main frequency between 3 and 6 MHz, fi eld of view at least 70°) provide a 2D imag-
ing of the pelvic fl oor. In the mid-sagittal plane, all anatomical structures (bladder, 
urethra, vaginal walls, anal canal, and rectum) between the posterior surface of the 
symphysis pubis (SP) and the posterior part of the LA are visualized [ 32 ]. Using volu-
metric probe (types: RAB 8-4, General Electric Kretz Ultrasound; AVV 531, Hitachi; 
V 8-4, Philips; 3D 4-7 EK, Medison), 3D and 4D TPUS imaging may be performed 
[ 21 ]. This transducer combines an electronic curved array of 4–8 MHz with mechani-
cal sector technology, allowing fast motorized sweeps through the fi eld of view. An 

a b

  Fig. 5.1    Schematic illustrations of transperineal ultrasoud. ( a ) The patient is placed in the dorsal 
lithotomy, with the hips fl exed and abducted, and the convex transducer is positioned translabial. 
( b ) Field of view       

 

G.A. Santoro and M.A. Abbas



53

advantage of this technique, compared to 2D mode, is the opportunity to obtain tomo-
graphic or multislice imaging, e.g., in the reconstructed axial plane, in order to assess: 
(1) the entire puborectalis muscle (PR) and its attachment to the inferior pubic rami 
and to measure its dimensions in the plane of maximum muscle thickness; (2) the 
diameter and area of the levator hiatus (LH) in the plane of minimal anteroposterior 
dimension and the degree of hiatal distension on Valsalva (Fig.  5.2 ) [ 21 ,  33 ].   

 4D imaging indicates real-time acquisition of volume ultrasound data, which can 
then be visualized instantly in orthogonal planes or rendered volumes. Similar to 
DICOM viewer software used in radiology, offl ine analysis is possible on the actual 
system or on PC with the help of dedicated software [ 21 ,  33 ].  

5.2.2     Endovaginal Ultrasonography 

 Endovaginal US may be performed with a high multifrequency (9–16 MHz), 360° 
rotational mechanical probe (type 2050, B-K Medical) or a radial electronic probe 
(type AR 54 AW, frequency: 5–10 MHz, Hitachi Medical Systems, Japan) [ 34 ]. The 
difference between these two transducers is the free-hand 3D acquisition with the 
electronic transducer, whereas the mechanical transducer has an internal automated 
motorized system that allows an acquisition of 300 aligned transaxial 2D images 
over a distance of 60 mm in 60 s, without any movement of the probe within the 
tissue. The set of 2D images is instantaneously reconstructed into a high-resolution 
3D image for real-time manipulation and volume rendering. The 3D volume can 

  Fig. 5.2    3D transperineal 
ultrasound. In the 
reconstructed axial plane, the 
entire levator ani and its 
attachment to the inferior 
pubic rami are visualized. 
The diameter and area of the 
levator hiatus are measured in 
the plane of minimal 
anteroposterior dimension. 
(Courtesy of HP Dietz) and 
(from Santoro GA, 
Wieczorek AP, Bartram CI 
(eds) Pelvic fl oor disorders. 
Springer-Verlag Italia, Milan. 
With permission)       
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also be archived for offl ine analysis on the ultrasonographic system or on PC with 
the help of a dedicated software [ 34 ]. 

 During examination, the patient is placed in the dorsal lithotomy. It is important 
to keep the transducer inserted into the vagina in a neutral position, avoiding exces-
sive pressure on surrounding structures that might distort the anatomy (Fig.  5.3 ). In 
the axial plane, 3D-EVUS provides a topographical overview of pelvic fl oor anat-
omy in four levels of assessment (Fig.  5.4 ) [ 34 ]:  

•    Level I: at the highest level, the bladder base can be seen anteriorly and the infe-
rior third of the rectum posteriorly.  

•   Level II: corresponds to the bladder neck, the intramural region of the urethra, 
and the anorectal junction.  

•   Level III: corresponds to the midurethra and the upper third of the anal canal. At this 
level, the LA can be visualized as a multilayer hyperechoic sling coursing lateral to 
the vagina and posteriorly to the anal canal and attaching to the inferior pubic rami 
anteriorly (Fig.  5.5 ). The biometric indices of the LH can be measured in the axial 
plane of minimal hiatal dimensions: (1) anterior–posterior diameter: from the infe-
rior border of the SP to the 6 o’clock inner margin of the LA; (2) latero-lateral 
diameter: taken on the widest part, perpendicular to LH anterior–posterior diameter; 
(3) LH area: calculated as the area within the LA inner perimeter enclosed by the 
inferior pubic rami and the inferior edge of the SP (Fig.  5.5 ) [ 35 ].   

•   Level IV: at the lowest level, the superfi cial perineal muscles (bulbospongiosus, 
ischiocavernosus, and superfi cial transverse perineal muscles), the perineal body 
(PB), the distal urethra, and the middle and inferior third of the anal canal can be 
visualized [ 36 ].     

5.2.3     Endoanal Ultrasonography 

 Endoanal US is performed with high multifrequency, 360° rotational mechanical 
probe or radial electronic probe, already described for EVUS. During examination, 
the patient may be placed in the dorsal lithotomy, in the left lateral or in the prone 

  Fig. 5.3    Schematic 
illustrations of endovaginal 
ultrasound       
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Level I

Level II

Level III

Level IV

  Fig. 5.4    Four levels of assessment of pelvic fl oor anatomy by using 3D endovaginal ultrasound 
(see text)       

a b

  Fig. 5.5    3D endovaginal ultrasound. ( a ) Levator ani ( LA ) is visualized as a multilayer hyper-
echoic sling coursing lateral to the vagina and posteriorly to the anal canal ( AC ) and attaching to 
the inferior pubic rami ( IPR ) anteriorly. ( b ) The biometric indices of the levator hiatus are mea-
sured in the axial plane of minimal hiatal dimensions.  AP  Anterior–posterior diameter,  LL  latero- 
lateral diameter,  OF  obturator foramen,  SP  symphysis pubis,  T  transducer,  U  urethra       
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position. However, irrespective of the position, the transducer should be rotated so 
that the anterior aspect of the anal canal is superior on the screen. The length of 
recorded data should extend from the upper aspect of the PR to the anal verge. In the 
axial plane, three levels of assessment have been described (Fig.  5.6 ) [ 37 ]: 

•    Upper level: corresponds to the hyperechoic sling of the PR muscle and the con-
centric hypoechoic ring of the IAS. In males, the deep part of the EAS is also 
identifi ed at this level,  

•   Middle level: the complete ring of the superfi cial EAS (concentric band of mixed 
echogenicity), the conjoined longitudinal layer, the complete ring of IAS, and the 
transverse perinei muscles are visualized.  

•   Lower level: corresponds to the subcutaneous part of the EAS.    

 3D-EAUS is useful in assessing the anatomic characteristics of the anal canal 
[ 38 ,  39 ]. The muscles of the lower and the upper part of the anal canal are different. 
At its upper end, the PR anchors the sphincter complex to the pubic rami. Anteriorly, 
the circular fi bers of the deep part of the EAS are not recognizable in females, 
whereas in males the EAS is symmetrical at all levels of the anal canal. The IAS is 
not completely symmetric, either in thickness or termination. It can be traced supe-
riorly into the circular muscle of the rectum, extending from the anorectal junction 

Level I

Level II

Level III

  Fig. 5.6    Three levels of assessment of the anal canal by using 3D endoanal ultrasound (see text)       
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to approximately 1 cm below the dentate line. In the intersphincteric space, the 
smooth longitudinal muscle conjoins with striated muscle fi bers from the LA, par-
ticularly the puboanalis, and a large fi broelastic element derived from the endopel-
vic fascia to form the conjoined longitudinal layer.   

5.3     Echographic Diagnosis of Pelvic Floor Injuries 

5.3.1     Anal Sphincter Damages 

 Obstetric injuries of the sphincter complex can be visualized in detail with EAUS 
[ 7 – 11 ]. All childbirth trauma affects the sphincters anterior to a horizontal line 
through the mid-canal. Any tear of the anal sphincters posterior to this line is due to 
some other etiology. Tears are defi ned by an interruption of the fi brillar echo tex-
ture. Scarring is characterized by loss of normal architecture, with an area of amor-
phous texture that usually has low refl ectiveness. The number, circumferential 
(radial angle in degrees or in hours of the clock site) and longitudinal (proximal, 
distal, or full length) extension of the defect, presence of scarring, differences in 
echogenicity and thickness of the sphincters, and other local alteration should be 
carefully assessed and should always be described. The operator should identify if 
there is an isolated or combined lesions of the IAS and EAS according to OASIS 
classifi cation [ 40 ,  41 ]: 1° degree = vaginal epithelium lesion; 2° degree = perineal 
muscles damage; 3° degree = anal sphincters involvement: 3a = <50 % EAS thick-
ness; 3b = > 50 % EAS thickness; 3c = IAS torn; 4° degree = 3° + anal epithelium 
torn. Defects of the IAS are easily recognized given the prominent appearance of 
the IAS in the mid-anal canal, and they appear as hyperechoic breaks in the nor-
mally hypoechoic ring. External sphincter tears from obstetric trauma always 
involve the upper sphincter, and may extend down throughout the length of the 
sphincter. The appearance of a defect is a break in the circumferential integrity of 
the mixed hyperechoic band of the EAS. A defect can have either a hypoechoic or 
hyperechoic density pattern. This corresponds to replacement of the normal striated 
muscle with granulation tissue, and fi brosis. The majority of obstetric injuries are 
associated with a single, large defect in the EAS anterior to the anal canal that can 
be linked to an additional division of the IAS (Fig.  5.7 ).  

 EAUS has an important role in detecting clinically “occult” anal sphincter inju-
ries after a vaginal delivery. In a meta-analysis of 717 vaginal deliveries, Oberwalder 
et al. [ 42 ] found an incidence of occult sphincter damage of 26.9 % among a sample 
of 462 primiparous women and a rate of 8.5 % new defects in the group of 255 
multiparas. In one-third of these (29.7 %), postpartum sphincter damage was symp-
tomatic. As shown in this meta-analysis, the probability that postpartum FI will be 
associated with anal sphincter defect is 77–83 %. This analysis included fi ve studies 
where EAUS was the only imaging technique used. In another study, Oberwalder 
et al. [ 14 ] reported that FI related to sphincter lesions is likely to occur even in an 
elderly population of women who experienced vaginal deliveries earlier in life. 
They found that 71 % of women with late onset FI (median age 61.5 years) had 
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occult sphincter defects on EAUS. Using EAUS, Donnelly et al. [ 3 ] found anal 
sphincter injury in 35 % of primiparous vaginal deliveries. Sultan et al. [ 7 ] reviewed 
EAUS fi ndings in 79 primiparous women before and after vaginal delivery, and 
identifi ed anal sphincter defects in 28 (35 %), of whom 9 (32 %) reported altered 
continence to stool. Sphincter defects were not identifi ed in those women who 
delivered by cesarean section. Deen et al. [ 13 ] studied 46 patients with postpartum 
FI and found that 87 % had a recognizable anal sphincter defect on EAUS. In a 
prospective study, de Parades et al. [ 6 ] did not confi rm previous observations that 
anal sphincter injury is common after forceps delivery. In a large population of 93 
healthy females, anal sphincter injury was identifi ed by ultrasonography in < 13 % 
of cases after forceps delivery, and the development of FI was not related to these 
defects. The only factor with signifi cant predictive value for anal sphincter injury 
was perineal tear. Pinta et al. [ 43 ] analyzed possible risk factors associated with 
sphincter rupture during vaginal delivery. A total of 52 females with a third-fourth 
degree perineal laceration were compared with 51 primiparous females with no 
clinically detectable perineal laceration. EAUS found a persistent defect of the EAS 
in 39 females (75 %) in the rupture group, compared with ten females (20 %) in the 
control group ( P  < 0.001). An abnormal presentation was the only risk factor for 
anal sphincter rupture during vaginal delivery. 

 High-resolution multiplanar ultrasonography may help to detect sphincter dam-
age. Three-dimensional reconstruction offers the possibility of measuring EAS 
length, thickness, area and volume (Fig.  5.8 ) [ 8 – 11 ]. The relationship between the 
radial angle and the longitudinal extent of a sphincter tear can be assessed and 
graded. The length of the remaining intact sphincter muscle can also be evaluated, 
improving the selection of patients for surgical repair of the anal sphincter complex 
and helping the surgeon to judge how far the repair should extend. Using multipla-
nar EAUS, two scoring systems have been proposed to defi ne the severity of the 
sphincter damage. Starck et al. [ 44 ] introduced a specifi c score, with 0 indicating no 

a b

  Fig. 5.7    Endoanal ultrasound. ( a ,  b ) Anterior combined internal and external anal sphincter 
 damage due to childbirth trauma       
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defect and 16 corresponding to a defect >180° involving the whole length and depth 
of the sphincters. Recently, Noderval et al. [ 45 ] reported a simplifi ed system for 
analyzing defects, including fewer categories than the Starck score and not record-
ing partial defects of the IAS. A maximal score of 7 denotes defects in both the EAS 
and the IAS exceeding 90° in the axial plane and involving more than half of the 
sphincter length. Both systems showed good intraobserver and interoberver agree-
ment in classifying anal sphincter defects.  

 Ultrasonographic imaging is useful to evaluate the result of treatments. Primary 
repair is usually performed within 24 h of delivery; the primary end-to-end repair is 
carried out by the majority of obstetricians and the alternative is an overlapping 
repair (Fig.  5.9 ) [ 46 ,  47 ]. However, at one year follow-up, fecal urgency, FI, and 
perineal pain are more common in those undergoing end-to-end repair [ 48 ]. The 
incidence of residual anal sphincter damage on EAUS is comparable between the 

a b

  Fig. 5.8    3D endoanal ultrasound. Anterior combined internal and external anal sphincter lesion 
due to childbirth trauma. On the reconstructed coronal plane, the damage involves the full length 
of the anal canal in ( a ) and the superior 2/3 in ( b )       

  Fig. 5.9    Endoanal 
ultrasound. Anterior sphincter 
repair by overlapping ( arrows  
indicate the two arms of the 
external sphincter)       
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two techniques. In general, a sphincter defect that exceeds 3 h on the clock face or 
90° (as identifi ed by EAUS) could make overlapping technically diffi cult and place 
the repair under tension. However, a direct relationship between size of the tear and 
degree of dysfunction could not be confi rmed [ 49 ]. Starck et al. [ 50 ] reported that 
the extent of endosonographic EAS defects after primary repair of obstetric sphinc-
ter tears increased over time and was related to FI. Scheer et al. [ 41 ] demonstrated 
the value of EAUS and manometry in counselling women who previously sustained 
obstetric tears. Based on specifi c selection criteria, the majority of women delivered 
vaginally without deterioration in anal sphincter morphology and function or qual-
ity of life. Savoye-Collet et al. [ 51 ] noted improvement in FI in 86 % of patients in 
whom EAUS documented closure of the EAS defect after anterior sphincter repair. 
In contrast, patients who had a persistent defect in the EAS still had signifi cant 
FI. Dobben et al. [ 52 ] also found that patients with a persistent ultrasonographic 
EAS defect had a worse clinical outcome than those without an EAS defect. 
Soerensen et al. [ 53 ] assessed the long-term function and morphology of the anal 
sphincters and the pelvic fl oor after primary repair of third or fourth degrees obstet-
ric anal sphincter injury. At a mean follow-up of 23.7 years, cases with recurrence 
of FI had a signifi cantly shorter anterior EAS length compared to controls (patients 
repaired and still continent) when evaluated by 3D-EAUS (8.6 vs. 10.2 mm; 
 p  = 0.03). Functionally, anterior sphincter length correlated with increased severity 
of incontinence. Using 3D-EAUS, de la Portilla et al. [ 54 ] demonstrated that all the 
implants of silicone to treat FI were properly located in the intersphincteric space 3 
months after injection. At 24 months, 75 % of implants were still properly located. 
They found that the continence deterioration suffered by most patients after the fi rst 
year from the injection was not related to the localization and number of implants 
the patient had.   

5.3.2     Levator Ani Injuries 

 Levator avulsion is the disconnection of the muscle from its insertion on the inferior 
pubic ramus and the pelvic sidewall, whereas tears may occur in any part of the 
muscle. Avulsion is a common consequence of overstretching of the LA during the 
second stage of labor and occurs in 10–36 % of women at the time of their fi rst 
delivery [ 17 ,  18 ]. It is usually occult, but it has been demonstrated in delivery suite 
in patients with large vaginal tears. Levator avulsion, although palpable, is more 
accurately detected by imaging, as the lateral attachments of the LA to the pubic 
bone are clearly visualized. 3D-EVUS (Fig.  5.10 ) [ 27 – 30 ] and 3D-TPUS (Fig.  5.11 ) 
[ 19 ,  20 ] may be utilized to document major levator trauma, as can MRI [ 17 ,  18 ]. 
The defects are usually most clearly visualized on maximal PFMC. Tomographic 
ultrasound imaging is particularly useful [ 19 ]. A hiatal enlargement to over 25 cm 2  
on Valsalva maneuver is defi ned as “ballooning” [ 55 ].    
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a b

  Fig. 5.10    3D endovaginal ultrasound. Levator ani ( LA ) (arrows) avulsion from the left inferior 
pubic rami in ( a ) and from the right inferior pubic rami in ( b ).  A  Anal canal,  B  bladder,  SP  
symphysis pubis,  U  urethra       

  Fig. 5.11    Tomographic 3D transperineal ultrasound showing a levator ani damage avulsion from 
(asterisks) the right inferior pubic rami. (Courtesy of HP Dietz) and (from Santoro GA, Wieczorek 
AP, Bartram CI (eds) Pelvic fl oor disorders. Springer-Verlag Italia, Milan. With permission)       
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5.3.3     Perineal Body Damage 

 The perineal body plays an important role in supporting the pelvic fl oor and the 
posterior vaginal wall. This structure, through the fusion with the vagina ventrally, 
the perineal membrane laterally, the external anal sphincter (EAS) dorsally, forms a 
boundary that prevents forward and downward movement of posterior compartment 
[ 36 ]. Damage to the PB from obstetrical trauma may be a cause of lateral displace-
ment of the perineal membrane and because the levator ani muscle is fused with 
these structures this would result in widening of the urogenital hiatus seen in women 
with prolapse [ 36 ]. Ultrasonography has already been used to assess the integrity of 
the PB, however, the current 2D-US techniques are limited in resolution of fi ne 
details and only show parts of the structures involved [ 56 – 58 ]. As reported by Orno 
et al. [ 59 ], perineal muscles cannot be visualized in their entirety by using 2D-EVUS 
because they originate from the walls of the pelvis and converge at the PB from dif-
ferent angles. Three-dimensional US imaging has the potential to overcome this 
limit as reported by Wagenlehner et al. [ 36 ], who found that in females with third- 
degree rectocele, the PB appears as two separated structures angulated downward 
and laterally, attached like a hinge to the posterior surface of the descending pubic 
ramus by the deep transverse perinei muscle (Fig.  5.12 ).    

  Fig. 5.12    Perineal body damage due to obstetric trauma. 3D endovaginal ultrasound cannot visu-
alize the perineal body in the central perineum neither the superfi cial transverse perinei ( STP ) 
muscle on the right side.  BSM  Bulbospongiosus muscle       
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5.4     Clinical Relevance of Echographic Assessment 

 A meta-analysis revealed a rate of 11–15 % of FI in the general population, although 
it may perhaps be underestimated [ 42 ]. Intact musculature including the PR, IAS, 
and EAS are prerequisites for fecal control, as is a functioning nerve supply to these 
muscles. Other factors contributing to FI include stool consistency, rectal sensitivity 
and capacity, and anorectal angle. Any impairment to one or more of these factors 
may result in FI. Anal sphincter defects and pudendal nerve injury can occur during 
vaginal delivery and are by far the most common causes of FI, consequently making 
this problem more prevalent in women [ 1 – 7 ]. In patients with FI, therefore, it is fun-
damental to establish the underlying pathophysiology in order to choose the appro-
priate therapy (dietary or medications, biofeedback, sphincter repair, artifi cial bowel 
sphincter, graciloplasty, sacral nerve stimulation, injection of bulking agents) [ 1 ]. In 
patients with FI, EAUS has been recommended as the gold standard investigation to 
identify anal sphincter injury by the International Urogynecological Association 
(IUGA)/International Continence Society (ICS) joint report [ 60 ] and more recently 
by the International Consultation on Incontinence (ICI) [ 61 ]. In evaluating the role of 
EAUS in the management of PFD, Groenendijk et al. [ 62 ] reported that the assigned 
value of this modality increased signifi cantly in cases of FI (assigned diagnostic 
value 68 % vs. overall value 38 %). A major impact of EAUS has been to image tears 
of the sphincters that are not apparent on clinical examination. Diagnosis of unde-
tected “occult” defects may have a role in the prevention of FI, enabling a recom-
mendation that woman at increased risk have an elective cesarean section [ 12 ,  63 ]. 
However, fi nding a sphincter defect does not necessarily mean that it will cause FI, 
as many people have sphincter lesions without having symptoms of incontinence. On 
the other hand, patients with FI and an apparent intact sphincter can have muscle 
degeneration, atrophy, or pudendal neuropathy [ 64 ]. Several studies have compared 
the diagnostic accuracy of EAUS and endoanal or external phased array MRI in 
assessing anal sphincter integrity. The current consensus is that both techniques can 
be used for demonstrating defects of the anal sphincter complex and can be consid-
ered useful in the selection of patients for surgery [ 16 ]. 

 3D-TPUS has also been used to demonstrate the morphological characteristics 
and normal biometry of the anal sphincter complex 49 and to detect anatomical 
defects [ 65 – 67 ]. An advantage of the transperineal approach over the endoanal 
approach is that it avoids distortion of the anal canal by the endoluminal transducer, 
leading to artifactual changes in measurements. However, with TPUS, an excessive 
pressure applied by the transducer on the perineum or an inappropriate angle of 
incidence of the ultrasound beam to the anal canal may also lead to erroneous 
results. Compared to the 3D-EAUS, 3D-TPUS is neither able to identify clearly the 
conjoined longitudinal layer, the superfi cial transverse perinei muscle nor measure 
the anterior longitudinal length of EAS, and it has not been recommended by the 
guidelines of the International Consultation on Incontinence [ 61 ]. 

 The functional and anatomical consequences of LA avulsion are considerable, 
with a reduction in muscle strength of about 1/3 and a marked alteration in anatomy 
[ 17 ,  19 ]. The main effect of avulsion is probably due to enlargement of the LH, but 
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avulsion may also be a marker for other forms of trauma, such as damage to connec-
tive supportive structures (uterosacral ligaments, endopelvic and pubocervical fas-
cia) that are currently diffi cult to detect by imaging. An enlarged LH, whether 
congenital, due to irreversible over-distension, or to avulsion injury, may result in 
excessive loading of ligamentous and fascial structures, which may, over time, lead 
to connective tissue failure and the development of prolapse [ 17 ]. The role of “bal-
looning” is likely to be much more complex than that of avulsion, and it is not clear 
how much of this is primary, i.e., causative, or just secondary to POP [ 55 ]. DeLancey 
[ 17 ] found that women with POP have an odds ratio of 7.3 for having a major leva-
tor injury compared with asymptomatic women. This data was confi rmed in a larger 
series using TPUS [ 19 ]. Patients with an LA defect are 2.3 times more likely to have 
a signifi cant cystocele, and four times as likely to have uterine prolapse. It seems 
that trauma to the PR component of the LA is most signifi cant in affecting the size 
of the hiatus as well as symptoms and signs of prolapse [ 30 ,  68 ]. However, even in 
the absence of a levator avulsion, there are many women with highly abnormal 
functional anatomy of the LA. Athanasiou et al. [ 69 ] reported that LH area, mea-
sured with 2D-EVUS, was signifi cantly larger in women with prolapse compared 
with those without (17.8 cm 2  vs. 13.5 cm 2 ). The higher the prolapse stage, the larger 
the hiatal area ( P <  0.001), as assessed by the maximum descent of the leading 
organ. Not surprisingly, this relationship is even stronger on Valsalva. 3D-EVUS 
may also be used to evaluate patient after PR repair with autologous fascia lata [ 70 ]. 

 In conclusion, an integrated multicompartmental ultrasonographic approach 
with different modalities [ 31 ] provides a comprehensive assessment of pelvic fl oor 
damages related to childbirth and has been included in the guidelines of the 
International Consultation on Incontinence [ 71 ].      
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  6      Combined Three-Dimensional 
Transperineal Ultrasonography 
(3-D TPUS) and Magnetic Resonance 
Imaging (MRI) After Vaginal Delivery 

             Vittorio     L.     Piloni      and     Fabio     Muggia    

6.1             Introduction 

 Childbirth is the most common cause of direct injury to the vaginal tube, its muscu-
lar support and, occasionally, to the anal sphincter complex as a result of the pres-
sure exerted during the passage of the infant’s head [ 1 ]. A large number of variables 
may account for damage to the pelvic fl oor, including precipitous labor with sudden 
descent of the infant and expulsion of the head, abnormal presentation necessitating 
diffi cult forceps extraction, large size of the baby [ 2 ], unusually friable maternal 
tissues, etc., all of which being more common and extensive in primiparous women. 
Using a mathematical model, Lien et al. [ 3 ] have demonstrated that during the sec-
ond stage of labor the largest stretch ratio, defi ned as the tissue length under stretch 
divided by the original tissue length, does occur in the medial pubococcygeus mus-
cle which is the shortest, most medial, and ventral portion of the levator ani muscle, 
thus leading to an approximately four times increase of the initial levator hiatus 
diameter. Conversely, the iliococcygeus muscle, which lies on a higher plane, is 
more prone to being stretched during the fi rst stage of labor. While severe vaginal 
and perineal lacerations are usually easily recognized and promptly repaired, more 
subtle changes are frequently overlooked at the time of delivery and go undetected 
until pelvic fl oor weakness or anal sphincter derangement develop later as result of 
new deliveries, superimposed anorectal or pelvic surgery, menopause, and aging. 
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On the other hand, connective tissue healing and recovery of muscular tonic activity 
have also been demonstrated to occur after just 7 months from delivery [ 4 ] leading 
to the hypothesis that the bulk of recovery takes place in the early postpartum period 
[ 5 ]. With the exception of anal endosonography, which is considered the gold stan-
dard for quantifi cation of anal sphincter defects and prediction of fecal incontinence 
[ 6 – 11 ], other available imaging techniques have not extensively been considered 
until the advent of three-dimensional transperineal ultrasonography (3-D TPUS) 
and fast magnetic resonance imaging (MRI) [ 12 – 14 ]. Bulking evidence does exist 
in the literature today to state that using them is of unique value in both the postde-
livery period and subsequent years for recognition of unknown changes which, if 
undetected, will eventually lead to the development of pelvic organ prolapse, recto-
cele [ 15 ] and even double incontinence. In this chapter, the basic principles, diag-
nostic criteria, and clinical application of 3-D TPUS and MRI following parturition 
will be described. In addition, a combined approach which has been given the name 
of “Integrated Fusion Imaging Protocol” (IFIP) is presented for routine application 
after vaginal delivery in the clinical practice. More precisely, while a judicious pol-
icy combining 3-D TPUS and static MRI is the preferred approach in the early 
postdelivery period (i.e., within 2 weeks) so as to avoid additional stress to the dam-
aged maternal tissues, a dynamic MRI study including the Valsalva maneuver and 
also the expulsion of rectal contrast is better suited later (within 6 months), leaving 
to dynamic 2-D TPUS the main role of diagnostic tool in the follow-up period 
(fourth-to-sixth decade). This strategy is suitable (1) to recognize and repair 
promptly most severe changes and (2) to unveil occult lesions and prevent them 
from evolving in overt pelvic fl oor dysfunctions at a later age.  

6.2     Imaging Modalities 

6.2.1     Three-Dimensional Transperineal Sonography 

 Given the limited availability of anal endosonography among gynecologists and 
superior familiarity with the intralabial approach by either two-dimensional or, 
more recently, 3-D TPS, the latter technique has rapidly gained wide acceptance all 
over the world. In the clinical practice, following optimal standardization of the 
technique by Dietz et al. [ 16 ], the examination has become the preferred imaging 
modality to assess pelvic fl oor anatomy after vaginal delivery today. The following 
is a description of the technical principles, diagnostic criteria, and practical applica-
tion of 3-D TPS for the evaluation of most common childbirth-induced injuries. 

6.2.1.1     Imaging Technique 
 Without any interference with normal movement of pelvic organs (as occurs when 
using intracavitary transducers), modern 3-D pelvic fl oor ultrasonography allows 
motorized acquisition, reconstruction, and analysis of a volume dataset which 
include measurement of distances and areas of pelvic structures involved in vaginal 
delivery. Currently available 3-D probes combine an electronic curved array of 
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3–8 MHz with mechanical sector technology allowing fast motorized sweeps along 
an acquisition angle of 70°, through an arch of 85° wide enough to include in the 
frame both branches of the pubococcygeal muscle. All the sonographer needs is to 
maintain the probe in position during image acquisition that takes approximately 
1–2 s to complete. Thereafter, volume datasets are stored on a separate server and 
assessment of all anatomic structures is permitted using tomographic or multislice 
imaging capability. The two basic display modes commonly used on 3-D US sys-
tems include the multiplanar or orthogonal display mode (either in the midsagittal, 
coronal, or axial plane), and the semitransparent representation of voxels in a region 
of interest also known as “rendered image” which emphasizes surfaces, soft tissues, 
bone and fl uid-fi lled spaces, depending on the chosen rendering setting (Fig.  6.1 ). 
Four-dimensional (4-D) imaging is also possible implying that the real-time acqui-
sition of volume datasets is being represented in orthogonal planes or rendered 
mode. The 4-D view is obtained in the same way as 3-D, but the speed of the 
mechanical tilting by probe crystals is faster while the spatial resolution is lower. 
The duration of a sequence ranges from 3–5 s to 8–10 s depending on the frame-rate 
and on the resolution in use. Offl ine postprocessing with no need for presence of the 
patient is also permitted, including image magnifi cation, contrast and density adjust-
ment, multislice view by tomographic ultrasound imaging (TUI) tool (Fig.  6.2 ) and 
measurement of established parameters. The ultrasound system in use by us is a 
General Electric Kretz Voluson E8 model scanner (General Electric Kretz Technik 
GmbH, Zipf, Austria) equipped with a 4–8 MHz multifrequency convex volumetric 
transducer (RAB L 8) allowing depiction of the entire genital hiatus, the right and 
left levator ani limbs, and the bladder neck (cranially). For the examination, the 
patient lies supine on the table, with her bladder half-fi lled after partial cleansing of 
distal gut. For better orientation and identifi cation of pertinent anatomy by the 

a b

  Fig. 6.1    3-D rendering of anal sphincter complex performed 1 week after vaginal delivery with 
image display on the axial ( a ) and sagittal ( b ) plane: a rrows  point to a hypoechoic defect of the 
external anal sphincter located at the 11 o’clock position       
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examiner, image display on the screen is given up-down with acquisition starting on 
the midsagittal plane.    

6.2.1.2     Standard Measurements 
 The following measurements, performed at rest or during functional tests (Kegel 
and Valsalva maneuver), are taken in the midsagittal plane:

•    Bladder wall thickness with no more than 20 mL residue (n.v., 5 mm).  
•   Bladder–symphysis distance, defi ned as the vertical distance between the blad-

der neck and the horizontal line tangent to the lower margin of the symphysis 
pubis (n.v., no more than 1 cm above at rest and no more than 1 cm below on 
straining).  

•   The γ angle, defi ned as the angle between the inferior edge of the symphysis 
pubis and the anterior margin of the urethrovesical junction.  

•   The retrovesical (β) angle, defi ned as the angle between the proximal urethra and 
the trigonal surface of the bladder.  

•   Diameters and area of the levator hiatus in the axial plane after identifi cation of 
the so-called plane of minimal hiatal dimension which extend from the posterior 
margin of the symphysis to the posterior anorectal junction. According to Dietz, 
a hiatal area exceeding 25 cm 2  is considered indicative of abnormal hiatal 
distensibility.     

  Fig. 6.2    Tomographic ultrasound imaging (TUI) of anatomic defect ( arrow ) seen on multiple 
midsagittal planes       
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6.2.1.3     Abnormal Findings 
 Most common changes seen in the early post vaginal delivery period include the 
following:

•    Gaping of the genital hiatus  
•   Absent or reduced ability to perform Kegel or Valsalva maneuver  
•   Asymmetry of the genital area  
•   Unilateral discontinuity of levator limb from tear or avulsion ( see  Fig.   5.1    )  
•   Anal sphincter defect  
•   Fascial detachment    

 Medium-term (within 6 months) and long-term (after the fourth decade) changes 
include the following:

•    Cysto-urethrocele  
•   Rectocele  
•   Enterocele  
•   Funneling of the bladder neck  
•   Vaginal vault prolapse  
•   Sliding of anterior or posterior vaginal wall  
•   Focal scarring of anterior anal canal      

6.2.2     Magnetic Resonance Imaging 

 Thanks to the advances in technology registered during the last two decades which 
permit rapid image acquisition and display on any plane and to the inherent superior 
contrast resolution of the technique, MRI is an unsurpassed imaging modality pro-
viding unique details of postdelivery pelvic anatomy in a safe and noninvasive man-
ner. Through this, exquisite depiction of all pelvic structures directly involved in 
parturition can routinely be obtained in a resting state, including the vaginal canal, 
levator ani muscles, anal sphincters, perineal body, endopelvic fascia, and liga-
ments. In addition, a dynamic series can also be acquired in the three orthogonal 
planes while the patient performs a Valsalva maneuver and even during emptying 
her bladder and/or rectal ampulla [ 17 ]. 

6.2.2.1     Imaging Technique 
 Postpartum MR scans of the pelvis are usually taken early (within 2 weeks) and late 
(within 6 months) after delivery with the patient supine using a 1.5-T superconduct-
ing conventional (horizontal) magnet system (Philips Medical System, Achieva 
model, The Netherlands) equipped with high-speed gradients and a surface phased- 
array coil (Body SENSE XL Torso) wrapped around the patient’s pelvis. A soft 
rubber catheter, 3 mm in diameter, is gently inserted within the anal canal to act as 
a luminal marker (early study) and for subsequent contrast administration (late study). 

6 Combined Three-Dimensional Transperineal Ultrasonography (3-D TPUS)
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Images are obtained in all three planes (sagittal, axial, and coronal) as different, 
useful information is derived from each. The typical examination is usually con-
ducted on the following lines: 

   Early Study (Static Examination) 
 T2-weighted images are obtained fi rst in the sagittal plane to provide a complete 
evaluation of pelvic fl oor anatomy using fast recovery spin echo pulse sequence 
(TR/TE, 3,704/90 ms; FA, 90°; FOV, 320 cm; BW, 253.0; slice thickness, 4 mm; 
interslice gap, 1 mm; matrix size, 444 × 310; ETL, 18 and 4 excitations; scan time, 
2.24 min). Then, following exact localization of the intra-anal catheter, oblique 
axial and coronal images are taken with the same pulse sequence in a plane perpen-
dicular and parallel to the catheter, respectively, so as to obtain true orthogonal 
views of the anal sphincter complex (Fig.  6.3 ) and contemporary differentiation of 
the various components of the levator ani muscle, i.e., the iliococcygeal, the pubo-
coccygeal, and the coccygeal muscles. Occasionally, a proton density (PD) and a 
short tau inversion recovery (STIR) pulse sequences are also obtained for better 
evidence of ligaments anatomy and rule out anovaginal fi stula.   

   Late Study (Static + Dynamic Examination) 
 Following the study described in 3.1.1, intrarectal injection of up to 200 mL of 
acoustic gel is administered and a BFFE pulse sequence (TR/TE, 2.8/1.39 ms; FA, 
90°; BW, 1255.5; slice thickness, 15 mm; matrix size, 160 × 160; image update 
acquisition, 1/0.891 s; scan time, 48 s and two excitations) is obtained with the 
patient at rest and during active contraction of pelvic fl oor musculature (Kegel 
maneuver). Then, after patient coaching to start the rectal emptying at will and just 
make notice of it by intercom, contemporary acquisition of images is obtained by the 
examiner. Using the same pulse sequence, images are also acquired in the oblique 

1 3

42

  Fig. 6.3    Coronal oblique 
T2-weighted image of the 
anal sphincter complex 
allowing clear depiction of 
the internal and external 
anal sphincter muscle ( 1, 2 ) 
and iliococcygeal and 
puborectalis muscle ( 3, 4 ), 
respectively       
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coronal plane centered at the anorectal junction (ARJ) during continuous rectal emp-
tying for evidence of any outlet obstruction and excessive rectal fl oor descent. Finally, 
the levator ani hiatus is imaged in the horizontal axial plane using a multislice tech-
nique (TR/TE, 3.1/1.5 ms; FA, 45; slice thickness, 10 mm; BW, 1041.7; matrix, 
160 × 160; NEX, 2 excitations; N° of slices, 3–4; scan time, 14.9 s) with section 
planes located at the superior margin of the symphysis pubis (upper level), at its 
inferior margin (central level), and at the perineal body (lower level) while the patient 
is asked to strain maximally (Valsalva maneuver) in a steady state. A complete sum-
mary of the standard imaging protocol described above is presented in Table  6.1 .

6.2.2.2         Image Analysis 
 Key images for interpretation of postdelivery anatomy are taken on the  axial plane  
for the assessment of the levator hiatus boundaries and contents, vaginal confi gura-
tion, and urethra, paraurethral, and paravaginal supporting structures (Fig.  6.4 ) as 
described by DeLancey [ 18 ]. More precisely, sections taken at the level of the uter-
ine cervix in DeLancey level I show the fascial condensations of the uterosacral 
ligaments, cardinal ligaments, and round ligaments as thin linear structures of low 
signal intensity. Sections taken in DeLancey level II depict the female urethra as 
three concentric rings of different signal intensity and the normal vaginal confi gura-
tion as a two-layered structure showing a typical W-shape structure. Moreover, as 
described by Kim et al. [ 19 ], the periurethral, paraurethral, and pubourethral liga-
ments are also seen as a thin hypointense structures connecting the posterior aspect 
of the urethra and the arcus tendineus fascia pelvis. The pubococcygeus and 
puborectalis muscles (visceral portion of levator ani muscle) are seen as symmetric 
structures of low signal intensity equal to that of the obturator muscle (OM). Finally, 
the sciatic nerve is seen as dark dot-shaped structure whose identifi cation is facili-
tated by consistently recognizable anatomic landmarks along its course [ 20 ]. The 
 sagittal plane  is ideal to depict and measure the perineal body position and size rela-
tive to the pubic bone [ 21 ], together with assessment of the total vaginal length and 
levator plate caudal inclination according to Bump et al. [ 22 ]. The  coronal plane  
displays at best the anal sphincter complex architecture together with the iliococ-
cygeus muscle attachment to the obturator muscle via the endopelvic fascia. 
Dynamic MRl images are evaluated in the three orthogonal planes on straining and 
evacuation for assessment of pelvic organs prolapse and anorectal morphology.   

6.2.2.3    Standard Measurements 
•     The “HMO system” as described by Comiter et al. [ 23 ] has been used since 1999 

for quantifi cation of pelvic fl oor relaxation and visceral descent on midsagittal 
images, taking (a) the H line to measure the distance from the inferior symphysis 
pubis to the posterior ARJ; (b) the vertical distance of pelvic organs (O) relative 
to the pubococcygeal line (PCL) to assess their descent ; and (c) the M line to 
evaluate levator plate activity by measuring the perpendicular distance from the 
PCL to the most distal aspect of the H line. Normal values reported for the H and 
M line, are 5 and 2 cm, respectively. More recently, however, in order to elimi-
nate discrepancies between imaging and clinical assessment, the midpubic line 
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(MPL) drawn across the midsagittal aspect of the pubic bone, as described by 
Singh et al. [ 24 ], has been suggested as preferable reference instead of the PCL, 
because it is coterminous with the level of the hymeneal ring which provides a 
precisely identifi able landmark for reference universally adopted, as described 
by Bump et al. [ 22 ].  

•   The position of the perineal body (PB) is measured as a perpendicular line drawn 
between the reference line and the anterior margin of the anal sphincter muscle. This 
distance is assumed as an indication of the recovery of striated perineal muscles.  

•   The slope of levator plate angle (LPA)° is measured at rest and on straining rela-
tive to the horizontal line and considered zero when it is parallel to the reference 
line, negative when it is above in a clockwise direction, and positive when it is 
below in a counter-clockwise direction.  

•   The width of the levator hiatus is measured between the medial aspect of the 
right and left levator ani muscle at the level of the lateral vaginal wall [ 25 ] while 
its length is measured from the symphysis pubis to the posterior rectal wall at the 
ARJ.  

•   The characteristics of LA signal intensities are described qualitatively as being either 
the same, higher or lower [ 5 ] when compared to that of the obturator muscle (OM).  

•   The mean thickness and degree of asymmetry of the LA limbs are measured by 
calculating the thicker limb plus that of the thinner limb divided by 2, and the 
thicker limb divided by the thinner limb, respectively [ 19 ].     

6.2.2.4    Abnormal Findings 
 Common anatomic changes reported as result of a traumatic delivery include vagi-
nal lacerations, anal sphincter defects, levator ani avulsion and tears, perineal body 
disruption and descent, paravaginal and paraurethral ligament detachment, and 
occasional urethrovaginal fi stulae. Most of them will recover within 6 months so 

a b

  Fig. 6.4    Key images for normal MR anatomy identifi cation on the axial ( a ) and sagittal ( b ) plane: 
note the aspect of the paraurethral attachments and the H-shaped vaginal confi guration ( a ,  red 
line ); and the triangular-shaped structure with low signal intensity of the perineal body ( b ,  white 
arrow ). The  red dotted line  indicates the hymeneal plane       
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that no signifi cant complaint will develop despite their persistence on MR imaging. 
From a practical point of view, they may be subdivided into morphologic changes 
visible in the early post-delivery study and functional changes seen at best in the late 
dynamic study, as follows. 

   Morphologic Changes 
 These include a variety of changes in LA signal intensity, topography and thickness 
due to muscular distension, ischemia, and neural trauma, and in the supporting 
structures, as follows:

•    Loss of normal vaginal confi guration and lateral shift of its posterior wall, con-
sistent with presence of paravaginal defect  

•   Distortion, discontinuity, and fl uttering of paraurethral supporting structures  
•   Discontinuity, interruption, and avulsion of unilateral or bilateral LA limbs with 

or without decreased thickness, asymmetry index, and higher T2 muscle signal 
intensity (Fig.  6.5 )   

•   Focal defect of the anal sphincter complex  
•   Focal detachment of the endopelvic fascia  
•   PB disruption and reduced thickness  
•   Levator hiatus asymmetry  
•   Anovaginal fi stula (Fig.  6.6 )   
•   Increased signal intensity of pudendal nerve (edema)     

   Functional Changes 
 On dynamic MRI, criteria that have been used in the literature to defi ne pelvic organ 
prolapse [ 26 ] include (a) bladder base descent more than 1 cm from the PCL (cys-
tocele); (b) cervix or vaginal vault less than 1 cm above the PCL or below it (genital 

a b

  Fig. 6.5    IFIP of right pubococcygeal muscle avulsion after childbirth traumatic vaginal delivery: 
compared to 3-D rendering TPUS ( a ), axial MR imaging ( b ) offer better evidence of the paravagi-
nal defect ( short arrow ) and the focal discontinuity with increased signal intensity from fi brofatty 
degeneration ( long arrow ) of the left hypertrophic pubococcygeal muscle       
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prolapse); (c) bowel between the vagina and rectum below the PCL, and the widen-
ing of the rectovaginal space or abnormal deepening of the cul-de-sac (enterocele); 
(d) descent of the ARJ greater than 2 cm below the PCL (rectal prolapse). In addi-
tion, rectocele is defi ned as an abnormal outpouching of the rectum greater than 
2 cm impinging on the hymen ring. Other features associated with late functional 
disorders of the pelvic fl oor after childbirth trauma include the following:

•    Involuntary loss of urine and/or intrarectal contrast (incontinence) with lack of 
apposition of anal walls  

•   Abnormal evacuation pattern, i.e., outlet obstruction, trapping in rectocele, and 
increased rectal fl oor descent  

•   Delayed recovery of normal PB position  
•   Ballooning and increased diameters of the levator hiatus with multiple organ 

impingement increased levator plate angle (>44°) on straining        

6.3     Integrated Fusion Imaging Protocol (IFIP) 

 Women who delivered vaginally and had had obstetric factors commonly associated 
with pelvic fl oor injury, such as forceps or vacuum delivery, anal sphincter lacera-
tion, prolonged second stage of labor, precipitous delivery, and shoulder dystocia, 
are potential candidate to undergo a combined, three-step IFIP diagnostic imaging 
approach, as follows. 

6.3.1     First Step (Within 2 Weeks) 

 A 3-D TPUS is fi rstly performed for evidence and grading of anatomic changes 
involving the vaginal wall, perineal muscles, levator hiatus and to rule out any 
defect of the anal sphincter complex by taking advantage from the tomographic 

a b c

  Fig. 6.6    IFIP in a 32-year-old woman with fourth degree tear, disruption of the right pubococcygeal 
muscle, anovaginal fi stula ( arrow ), and left-sided temporary colostomy after rectal suture repair and 
subsequent dehiscence ( a ). Contemporary axial STIR image showing the abnormal anovaginal com-
munication as a focal change with increased signal intensity ( arrow ,  b ), and persistent hypoechoic 
lesion located at 12 o’clock position seen by 2D ultrasonography ( arrow ,  c ) 6 months later       
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facilities associated with the technique. Thereafter, within the same session (or 
within the subsequent week) for better diagnostic confi dence, in less than 30 min 
the patient may undergo a complete check of her postdelivery pelvic anatomy by 
static MRI, including depiction of fat recesses, muscular attachments to the endo-
pelvic fascia, perineal body position, paraurethral ligaments, and pudendal nerve 
course. Should occult changes be revealed, a rehabilitative program can be set up 
or planned, accordingly.  

6.3.2     Second Step (Within 6 Months) 

 A double, anatomical, and functional MRI investigation is performed to compare 
pelvic structure anatomy at early postdelivery to that at post-recovery period and to 
detect any functional disorder affecting voiding and/or evacuation (Fig.  6.7 ) and 
pelvic organs stability as well. Again, in case of abnormality, a tailored therapeutic 
planning can be adopted, including both conservative and minimally invasive surgi-
cal approach.   

6.3.3     Third Step (Within the Subsequent Three Decades) 

 A timely spaced 2-D TPUS study (Fig.  6.8 ) is performed every 4–5 years, unless 
otherwise needed for unexpected complains, for both optimal follow-up of therapy 
and in order to prevent the need for more invasive surgical procedures.    

a b

  Fig. 6.7    Excessive displacement of pelvic organs with respect to the reference PCL line ( dotted 
line ,  a ) during evacuation of rectal contrast in a 55-year-old woman with history of four vaginal 
deliveries and obstructed defecation syndrome. Levator hiatus ballooning and impingement of 
bladder base, cervix, and distal gut on the levator hiatus seen on the axial plane ( b )       
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    Conclusions 
 Although the clinical assessment remains the fi rst line investigation for the diag-
nosis of child birth trauma after vaginal delivery, diagnostic imaging tools, by 
either anal endosonography, 3-D TPUS or MRI, are more and more frequently 
considered today in order to help physicians to take adequate decision for ther-
apy planning. Despite proper recognition and primary repair of acute obstetric 
anal sphincter injuries, up to 34–91 % women have been reported to exhibit 
persistent anal sphincter defects on ultrasound within 3 months of delivery. As 
such, given the high rate of occult changes in asymptomatic women after their 
fi rst vaginal delivery and the awareness that the bulk of recovery takes place 
within the subsequent 6 months, a reasonable primary prevention strategy for the 
general female population is highly desirable. The common belief that routine 
imaging assessment of pelvic anatomy, either by 3-D TPUS or static and dynamic 
MRI, should be undertaken only in those with clinical concern of pelvic fl oor 
damage or in those who undergo prolapse surgery can no longer be sustained. At 
present, the following question arises: does the IFIP protocol described above 
infl uence women outcomes better after vaginal delivery and prove crucial in the 
future to prevent them from developing overt pelvic fl oor dysfunctions with 
advancing age? Hopefully, the required clinical studies will begin sooner.     
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  7      Pelvic Floor EMG: Principles, Techniques, 
and Applications 
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7.1            Introduction 

 The anal sphincter and the puborectalis are the most important muscles providing 
fecal continence. The anal sphincter comprises an internal involuntary smooth mus-
cle layer (IAS) and an external voluntary striated muscle layer (EAS). 

 Obstetric lesions are often associated to sphincter tears, that is spontaneous or 
iatrogenous direct lesions of the muscle tissue. However, other lesions, less investi-
gated and discussed in the literature, may involve the innervation of the EAS, rather 
than the muscle itself, and may be caused by tissue stretching or cutting (episiot-
omy). They often result in muscle denervation which may (or may not) be followed 
by a variable degree of reinnervation and often lead to loss of muscle control by the 
CNS, a situation functionally similar to a muscle tear. Since the axons innervating 
the EAS are too small to be seen, the damage cannot be prevented, detected or docu-
mented without recently developed instrumentation. Such an instrumentation is 
based on the automatic detection of the innervation zones (IZ) of the motor units of 
the EAS. A motor unit comprises a motor neuron and the muscle fi bers it innervates. 
The ensemble of the neuromuscular junctions (NMJ) between the axonal branches 
and the muscle fi bers of a motor unit is called the IZ of that motor unit. 

 It is not known how many motor units exist in the EAS but it is known that they 
are arranged circularly and they are innervated either at one end or somewhere 
along their length. The European Project “On Asimmetry of Sphincters (OASIS)” 
demonstrated, in 2005, that there is a large inter-individual variability of motor unit 
and IZ arrangement among subjects of both genders [ 1 ,  2 ]. The innervation pattern 
of the puborectalis was investigated within the same project [ 3 ]. 
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 Episiotomy may cut some of the axons or axonal branches innervating the EAS 
and cause weakening of the muscle, possibly resulting in incontinence at a later age. 
It is therefore important to know where the IZs are located in order to plan in 
advance if mediolateral episiotomy should be performed and, if so, whether the 
right or left side should be preferred. The same technology could of course be used 
to document the course or reinnervation and the residual damage. Knowledge of the 
innervation pattern of the puborectalis muscle, not involved in episiotomy, may be 
of interest in colo-rectal surgery. 

 The technology for the identifi cation of the IZs of a muscle is based on electro-
physiological considerations that will be described in Sect.  7.2  of this chapter. The 
remaining sessions will primarily describe the state of the art and the applications of 
a novel electrophysiological technology to the prevention of child-deliver-related 
lesions and incontinence. This application has been the topic of the project 
“Technologies for anal sphincter analysis and incontinence (TASI)” [ 4 ,  5 ].  

7.2      Basic Electrophysiological Concepts Concerning 
Fusiform and Circular Muscles 

7.2.1     Intra-muscular and Noninvasive Detection Techniques 

 The EAS muscle, as most other muscles, has been investigated with the traditional 
coaxial needle technique [ 6 ,  7 ]. A few needle insertions are required to collect rep-
resentative information from the muscle. This technique provides information about 
individual motor units and has a very small detection volume (about 1 mm 3 ). It does 
not provide information about the location of motor unit IZs. Minimally invasive 
detection systems based on intra-anal probes have been developed more than 10 
years ago [ 1 ,  2 ,  8 ,  9 ] within the framework of the European Project “On Asymmetry 
in Sphincters (OASIS)”. These systems provide a greater detection volume as well 
as information about motor unit geometry and IZ. The technique is based on the 
detection of propagating action potentials along the fi bers of the motor units of 
muscles; technical details are provided in a number of publications [ 1 ,  2 ,  4 ,  5 ,  8 ,  9 ] 
as well as in textbooks [ 10 ,  11 ]. 

 This noninvasive technique and its application will be shortly reviewed in the 
following subsection.  

7.2.2       Single Fiber and Motor Unit Action Potentials in Muscles 
with Fibers Parallel to the Detection Array 

 A muscle fi ber has a membrane resting potential of about −70 mV (internal nega-
tive). When the action potential of a neuron reaches the terminal branches of the 
axon and each neuromuscular junction, the release of acetylcholine locally leads to 
inversion of the membrane polarity and triggers an action potential into each of the 
innervated muscle fi bers. Figure  7.1a  describes the local generation of an action 
potential along a muscle fi ber. This region of membrane depolarization widens 
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while its center repolarizes, therefore generating two depolarized regions propa-
gating toward the ends of the fi ber, as indicated in Fig.  7.1c, e  where the dashed 
lines represent current fl ows. The arrows in Fig.  7.1b, d , f indicate current infl ows 
and outfl ows across the muscle cell membrane. As a fi rst approximation, a 

  Fig. 7.1    Generation and propagation of an action potential (AP) in a cylindrical muscle fi ber. ( a ) 
The axonal branch releases acetylcholine at the neuromuscular junction (NMJ), and triggers the 
AP. The underlying membrane depolarizes generating current loops that extend the depolarization 
to nearby regions of the cell. ( b ) The current “poles” corresponding to this situation at time t 1  are 
depicted.  Upward arrows  indicate currents exiting the muscle fi ber and depolarizing the mem-
brane,  downward arrows  indicate currents entering the muscle fi ber and repolarizing the mem-
brane. ( c ) Two APs are being generated in space and propagate in opposite directions as the NMJ 
area repolarizes (time t 2 ). ( d ) The current “poles” corresponding to the situation at time t 2  are 
depicted: two tripoles are generated. ( e ) The two APs are fully generated and travel in opposite 
directions towards the tendon junctions. ( f ) Two separate current tripoles describe the propagating 
APs at time t 3  (Reproduced with permission from Fig. 3.4 of [ 10 ])       
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propagating depolarized zone can be represented by a current tripole whose poles 
add up to zero net current.  

 Let us now consider two depolarized regions (two current tripoles) moving along 
a muscle fi ber parallel to the skin as indicated in Fig.  7.2a . The two potential distri-
butions resulting on the skin, due to these sources, are depicted in Fig.  7.2b .  

 Consider the array of electrodes A-N and differential amplifi ers with outputs 
1-15 depicted in Fig.  7.2c . The propagating action potential generated by one fi ber 
and detected by this set of differential amplifi ers, at a given time instant, is depicted 
in Fig.  7.2b . The fi bers innervated by branches of the same axon, forming a motor 
unit, generate a motor unit action potential (MUAP) which is the sum of the single 
fi ber action potentials associated to each discharge of the neuron. Figure  7.2d  shows 

  Fig. 7.2    Generation of multichannel EMG. ( a ) Single muscle fi ber with two depolarized zones (current 
tripoles) propagating in opposite directions starting from the neuromuscular junction (see Fig.  7.1e, f ). 
( b ) Analog differential voltage detected on the skin, due to the propagating tripoles, and instantaneous 
samples in space provided by the amplifi er array at a fi xed time instant t = t k . ( c ) Array of differential 
amplifi ers connected to an array of electrodes placed on the skin (A-N). Note that signals propagating in 
the right direction see the non-inverting input fi rst and then the inverting input while the opposite hap-
pens for signals propagating in the left direction. ( d ) Set of real EMG signals acquired with a linear 
electrode array (such as the A-N array) from the biceps brachii muscle. The 1-15 channels correspond to 
the 1-15 output signals of the differential amplifi ers versus time. Many propagating potentials, generated 
by many motor units, can be identifi ed. It is interesting to observe that all the motor units are innervated 
under channel 7 and extend over the entire muscle length. Channels 14 and 15 are over the distal tendon 
area. The  dashed line s represent the “signature” of a motor unit. Inter-electrode distance = 10 mm       
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a 0.2 s segment of multichannel EMG detected by the array of Fig.  7.2c  placed on a 
biceps brachii muscle. An example of MUAP is identifi ed by dashed lines in 
Fig.  7.2d , together with many other MUAPs generated by motor units of the same 
muscle with fi bers parallel to the skin. All motor units are innervated under channel 
7 and terminate beyond channel 1 and at channel 13. Channels 14 and 15 are above 
one of the tendons. The other tendon is beyond channel 1. Figure  7.2d  provides a 
space-time (y versus t) representation of “fi rings” of many motor units (MUAPs) as 
detected by an electrode array placed on the skin along the muscle fi ber direction. 
Each trace represents the signal detected by one electrode pair (1-15). 

 In the case of the anal sphincter muscle the motor units are arranged in a circular 
pattern and so are the electrodes, as depicted in Figs.  7.3  and  7.4 . Figure  7.3a  shows 
a motor unit spanning channels 14 to 4 of a circular electrode array. The IZ is 
“under” electrodes 15-16 and propagation is detected up to past electrodes 14 
(counterclockwise) and 4 (clockwise). Five motor units are schematically depicted 
in Fig.  7.3c , each with different length and innervation zone location. If motoneu-
rons MN1 and MN2 are cut by the episiotomy surgery (“lesion” in Fig.  7.3c ) the 

  Fig. 7.3    Schematic diagram of the arrangements of motor units of the external anal sphincter (EAS). 
( a ) One motor unit (motorneuron 1 and muscle fi bers). ( b ) Differential signals detected by electrode 
pairs placed on the circumference of a cylindrical probe inserted in the anal canal (see Fig.  7.4 ). ( c ) 
Schematic diagram of the arrangements of fi ve motor units of the EAS. Two of these motor units are 
innervated by motor neurons ( MN1 and MN2 ) comprised in the right-ventral quadrant ( RV ) of the 
EAS, two are innervated by motor neurons ( MN3 and MN4 ) comprised in the left dorsal quadrant 
( LD ) of the EAS and one by a motor neuron ( MN5 ) in the left ventral quadrant of the EAS. A right 
mediolateral episiotomy would likely damage or interrupt MN1 and MN2 and denervate the corre-
sponding motor units. A left right mediolateral episiotomy would likely damage or interrupt MN5       
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corresponding motor units are denervated and may or may not be re-innervated after 
surgery. A commercially available EAS probe is depicted in Fig.  7.4a  and an exam-
ple of experimental signals is depicted in Fig.  7.4c . It is evident, from Fig.  7.4c , that 
in this EAS muscle there are two main IZs: one under channel 14-15 with clockwise 
propagation and one under channel 12-13 with counterclockwise propagation 
(channel 1 is anterior and channel 9 is posterior).   

 It has been shown that the innervation of the EAS sphincter is very variable from 
subject to subject [ 1 ,  4 ,  5 ,  9 ]. Examples of schematic and real propagating MUAPs 
are provided in Fig.  7.5 .  

 Figure  7.5a  schematically depicts the MUAP pattern of motor units innervated 
under channel 5 and under channel 12-13 while Fig.  7.5b  shows a case of innerva-
tion under channel 8 and a case of innervation under channel 1-16. Figure  7.5c  
depicts a set of experimental signals showing a number of MUs innervated under 
channels 2, 12, 1-3, 1-16. Figure  7.6  shows a circular histogram of the distribution 
of IZs of 2,748 motor units observed in 500 pregnant women [ 4 ,  5 ] indicating that 
the ventral side of the EAS is the least innervated while the right and left hemi-
sphincters have rich innervation which is highly variable from person to person [ 1 ].          

7.3     Results of Recent Studies on the Innervation 
of the External Anal Sphincter and Puborectalis Muscles 

 Since the distribution of IZs of the EAS shows a very high inter-subject variability 
[ 1 ] no general rule can be proposed in favor of right or left or midline episiotomy. 
Figure  7.7  depicts four examples of EAS innervation and related episiotomy risks. 
Figure  7.7a  depicts a case of bilateral hemisphincter innervation implying a 

  Fig. 7.4    ( a ) Intra-anal probe with 16 circumferential electrodes. ( b ) Cross-sectional view of the 
electrode array and schematic representation of two motor units. ( c ) Example of anal sphincter 
EMG differential signals. Two motor units can be identifi ed (among others): the fi rst is innervated 
at one end under channel 13 and extends to channel 6, the second is innervated at one end under 
channel 15 and extends to channel 4. Other motor units can be identifi ed and their innervation zone 
can be localized (Permission from [ 9 ], Fig. 1, page 114)       
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medium risk for a short incision, Fig.  7.7b  depicts a case of high risk due to inner-
vation being concentrated in the rectovaginal septum (perineum), Fig.  7.7c  depicts 
a case of dorsal innervation of the EAS and therefore low risk, while Fig.  7.7d  
depicts a case of innervation in the left-ventral quadrant implying a high risk of a 
left mediolateral episiotomy and a much lower risk of a right mediolateral episi-
otomy; of course the opposite holds for a single innervation region in the right-
ventral quadrant of the EAS.  

 The technique described in [ 12 – 14 ] and summarized in Sect.  7.2.2  of this chap-
ter, was adopted in the double blind study (“Technologies for anal sphincter analysis 
and incontinence (TASI)”) [ 5 ] carried out on 331 pregnant women, 86 of which 
underwent mediolateral episiotomy (82 on the right side, 4 on the left side). One of 
these cases is outlined in Fig.  7.8 . Figure  7.8a  shows the arrangement of nine motor 
units and of their IZs, identifi ed as described in Sect.  7.2.2 , 6 weeks before delivery 
and 6 weeks after delivery. For methodological details see [ 14 ]. Despite the evi-
dence of major denervation and of EAS EMG asymmetry, this woman was not 
incontinent at the time of the second evaluation.  

  Fig. 7.5    ( a ) Schematic representation of innervation zones and propagation directions of two 
motor units, one in the right and one in the left hemisphincter. ( b ) Schematic representation of 
innervation zones and propagation directions of two long motor units, one innervated under chan-
nel 8 and one innervated under channel 1-16. ( c ) Experimental signals showing motor units inner-
vated under channel 2-3, under channel 12, under channel 1-3 and under channel 15. Consider that, 
due to the circular probe, channel 1 is next to channel 16       
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  Fig. 7.7    Four innervation modalities of the anal sphincter with four different risks levels related to 
episiotomy. ( a ) Innervation zones concentrated in the right and left hemisphincter: risk is moderate and 
depends on the pattern of the axonal branches. ( b ) Innervation zones in the right and left ventral quad-
rants of the sphincter: the risk of partial denervation of the sphincter due to episiotomy is high, regard-
less of the side. ( c ) Innervation zones in the right and left dorsal quadrants of the sphincter: the risk of 
partial denervation of the sphincter due to episiotomy is low, regardless of the side. ( d ) Innervation 
zones in the left ventral quadrant of the sphincter: the risk of denervation of the sphincter is high if a 
left mediolateral episiotomy is performed and low if a right mediolateral episiotomy is performed. A 
mirror-like situation implies high risk of denervation if a right mediolateral episiotomy is performed 
reprinted with permission from Di Vella G, Riva D, Merletti R. Incontinenza dello sfi ntere anale sterno 
da episiotomia e prevenzione del danno iatrogeno. Riv It Med Leg. 2015; 37(2):473–489       

 Fig. 7.6    Circular histogram of the location 
of innervation zones of 2748 motor units 
identifi ed in the external anal sphincter of 
500 women. The distribution is bimodal with 
higher likelihood of innervation zones in the 
right and left hemisphincter (Reproduced 
with permission from [ 4 ])  
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 Depending on the individual EAS innervation pattern, episiotomy may or may 
not imply alterations of such pattern. In some cases, random factors, posture or dif-
ferent contraction modalities might even cause the involvement of a greater number 
of motor units in the postpartum condition. Statistical considerations are therefore 
required. Figure  7.9a  shows the prepartum distribution of IZs of 82 women who 
underwent episiotomy. The postpartum distribution of IZ is depicted in Fig.  7.9b . 
The decrement on the number of IZ in the RV quadrant of the EAS is evident and 
statistically signifi cant (p < 0.05) whereas it is not in the other quadrants (see also 
Fig.  7.10b  and [ 5 ] for issues related to EAS tears). Figure  7.10  compares the changes 
between pre- postpartum number of IZs in each EAS quadrant in the case of cesar-
ean delivery (60 cases) and episiotomy (82 cases). No signifi cant changes are 
observed in the fi rst case while a statistically signifi cant change is observed in the 
RV quadrant of the EAS in the second case. Nevertheless, cesarean delivery is not 
necessarily preventive of EAs damage [ 15 ].   

  Fig. 7.8    ( a ,  b ) Distribution of nine motor units and of their innervation zones before and after 
delivery with right mediolateral episiotomy. ( c ,  d ) The thickness of the  black arcs  indicate the aver-
age rectifi ed value of the EMG. Despite the major denervation the woman was not incontinent 6 
weeks after delivery (Reproduced from [ 5 ])       
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a b

  Fig. 7.9    Circular histogram of the distribution of innervation zones in the anal sphincter of 82 
women before and after child delivery with right mediolateral episiotomy. A reduction of innerva-
tion zones in the right-ventral ( RV ) quadrant of the sphincter is evident and is statistically signifi -
cant (see Fig.  7.10b ) while changes in other quadrants are not reprinted with permission from Di 
Vella G, Riva D, Merletti R. Incontinenza dello sfi ntere anale sterno da episiotomia e prevenzione 
del danno iatrogeno. Riv It Med Leg. 2015; 37(2):473–489       

  Fig. 7.10    Mean and standard deviation of the number of motor units identifi ed with innervations 
in each of the four quadrants of the anal sphincter. ( a ) Pre- and postpartum with cesarean delivery 
(60 subjects). ( b ) Pre- and postpartum with right mediolateral episiotomy (82 subjects). The only 
pre--post difference that is statistically signifi cant concerns the number of IZ in the right-ventral 
( RV ) quadrant in the episiotomy cases (Reproduced from [ 5 ])       
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 The puborectalis muscle is the second most important muscle providing conti-
nence. This muscle is not affected by episiotomy but may be stretched by preg-
nancy. It might easily be investigated, with the same minimally invasive technique, 
with an electrode array applied on a gloved fi nger [ 3 ].  

7.4     The Controversial Issue of Episiotomy: 
Analysis of the Literature 

 Episiotomy is a controversial practice which is applied routinely in some countries 
(Latin America and Eastern Europe) and more rarely in others (Scandinavian 
Countries) with the purpose of reducing the stress of the newborn and the likelihood 
of perineal and sphincter tears which are diffi cult to suture. Right mediolateral epi-
siotomy is by far more common than left mediolateral episiotomy because it is more 
easily performed by a right-handed person. Mediolateral episiotomies angled closer 
to the midline are signifi cantly associated with anal sphincter injuries (26° vs. 37°, 
 p  = 0.01) [ 17 ,  18 ]. Standard obstetric and midwifery texts indicate that a mediolat-
eral episiotomy should be at least 40° from the midline but doctors and midwifes 
follow different rules [ 16 ]. If episiotomy is performed at the proper angle (45° to 
60° from the midline) [ 16 – 18 ] it is unlikely that the EAS is directly damaged, nev-
ertheless the axons and their terminal branches innervating the muscle may be cut, 
resulting in more or less extensive EAS denervation which may or may not be fol-
lowed by reinnervation in the fi rst few weeks after delivery [ 34 ]. This damage may 
lead to increased likelihood of fecal incontinence (FI) in later years [ 19 ]. 

 Women with anal sphincter tears are more than twice as likely to report postpar-
tum fecal incontinence than women without sphincter tears [ 20 ]. Anal sphincter 
tears occur in 2–19 % of vaginal deliveries [ 21 ], however limited information is 
available on episiotomy-related EAS denervation which may have similar conse-
quences on voluntary muscle control. 

 Several studies have demonstrated that midline episiotomy is an independent 
risk factor for sphincter injuries [ 22 ]. Mediolateral episiotomy is controversial, 
since some studies showed it to be an independent risk factor [ 23 ,  24 ] whereas oth-
ers found it to be protective for fecal incontinence in primiparous women [ 25 ]. Very 
likely the lack of consensus is related to two factors: (a) that no midwife and only 
22 % of the doctors perform truly mediolateral episiotomies [ 26 ] and (b) the angle 
may infl uence the direct damage to the muscle but is not correlated to innervation 
damage. 

 The works of Enck, Franz and Wietek [ 1 ,  2 ,  27 ,  28 ] suggest that either natural or 
iatrogenic asymmetry of innervation of the EAS contributes to the occurrence and 
severity of incontinence symptoms resulting from aging or pelvic fl oor trauma, after 
child delivery. 

 The association of pelvic fl oor trauma to child delivery modality (in particular to 
episiotomy), is discussed in many studies [ 20 ,  22 ,  25 ,  29 – 32 ]. The concept is that 
stretching or laceration or cutting of the nerve twigs may lead to the same conse-
quences of stretching, laceration and cutting of muscle tissue and either or both may 
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be present. Furthermore, surgical muscle repair does not imply functional recovery 
if muscle denervation is present. 

 Although EAS denervation consequent to mediolateral episiotomy can now be 
ascertained [ 5 ], its role in determining FI at a later age is still being investigated [ 21 , 
 32 – 43 ]. Despite this extensive literature, no indication is provided about the crite-
rion that should be used regarding which side should episiotomy be performed on. 
Thus, episiotomy is usually performed on the right side. Knowledge of the side to 
be preferred (if any), based on the electrophysiological test described above might 
reduce the consequences of this intervention and possibly increase the consensus 
about the procedure [ 5 ]. 

 The literature quoted above focuses on minimization of direct potential damage 
to the EAS muscle and does not consider its innervation modality. Data reported in 
Figs.  7.8  and  7.9  suggest that tear and denervation may result in similar functional 
effects since both disable a portion of the EAS. 

 In conclusion, prepartum screening of the EAS innervation and the recording of 
this information on a “perineal card,” could “guide” episiotomy (when strictly 
required) and likely reduce the prevalence of FI in women at a later age and the 
disagreement about its origin.  

7.5     Epidemiological and Economic Aspects, 
Technology Transfer, and Dissemination 

 As reported by T. Wheeler et al. in their excellent review [ 24 ] , the prevalence of FI 
in community-dwelling adult women is 0.4–18 % [ 44 ], with an estimated direct cost 
of diagnosis and treatment of US$17,000 per patient [ 45 ]. 

 Bharucha et al. [ 54 ] did a survey on 2,800 white US women and found that 1 in 
15 had moderate to severe FI but only 48 % had consulted a physician in the previ-
ous year. The prevalence increased with age from 7 % (third decade of life) to 22 % 
(sixth decade of life) and was stable thereafter. The problem may be more frequent 
than is commonly believed, with an economic and social cost greater than it appears. 

 According to Weber et al. [ 55 ] FI affects between 1 and 16 % of women, with 
prevalence increasing with age. The most common cause of FI in otherwise healthy 
women is damage to the anal sphincter during childbirth. Prevention of FI should be 
the fi rst research priority for gynecologists. Routine midline (median) episiotomy 
has no place in modern obstetrics; when episiotomy must be performed for obstetric 
indications, use of mediolateral episiotomy should result in fewer anal sphincter 
injuries than use of midline episiotomy. A general research priority is to understand 
the independent factors in FI so as to identify modifi able risk factors in women. 

 Evidence regarding the use of mediolateral episiotomy has not been established 
in preventing sphincter tears and therefore social and economic costs. A 1999 
Cochrane Review, which used severe perineal trauma as an outcome, failed to fi nd 
differences between restrictive versus midline or mediolateral episiotomies [ 29 ]. 
According to a JAMA review [ 46 ], no evidence supports episiotomy as preventive 
practice to avoid pelvic fl oor damage. In two cohort studies women were asked 
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about anal incontinence [ 23 ,  47 ]. Neither study found episiotomy to be statistically 
associated with reduced risk of incontinence of stool or fl atus; rather, an aggregate 
of the two studies suggests an almost twofold increase in risk (mean odds ratio: 
1.91; 95 % CI: 1.03–3.56) [ 46 ]. 

 According to Signorello et al. [ 19 ], women who had episiotomy had a higher risk 
of FI at 3 (mean odds ratio: 5.5, 95 % CI: 1.8–16.2) and 6 (mean odds ratio: 3.7, 
95 % CI: 0.9–15.6) months postpartum compared with women with an intact 
perineum. Compared with women with a spontaneous laceration, episiotomy tripled 
the risk of FI at 3 months and 6 months postpartum. These authors concluded that 
midline episiotomy is not effective in protecting the perineum and sphincters during 
childbirth, and may impair anal continence. The estimates of prevalence of postpar-
tum FI range from 3 % to 42 % [ 48 – 59 ]. 

 In 2005 Deutekom et al. [ 51 ] estimated the average cost of an incontinent person 
at about 2,169 euro/year including personal and societal costs. In 2007 Sung et al. 
[ 52 ] estimated this cost as near 6,000 US$/year and per patient for a total health cost 
of 57,500,000 US $/year. 

 Because of the insuffi ciency and variability of the available economic data it is 
impossible, at the moment, to estimate the possible savings resulting from a policy 
of no episiotomy [ 53 ], a policy of planned minimal-risk episiotomy using an elec-
trophysiological test [ 5 ] and a policy of routine episiotomy, but it seems that the 
second option is promising also from the point of view of economic and social 
cost. 

 Like most interdisciplinary technologies, the minimally invasive method to esti-
mate EAS innervation, and consequently plan the least risky episiotomy modality 
long before child delivery (in case it will be deemed necessary), is not easily 
accepted by busy clinicians and obstetricians. Although the test is simple, fast and 
inexpensive, some ability to read and double-check the signals and the information 
displayed by the instrumentation is required (as is for the interpretation of ECG or 
EEG or evoked potentials). Despite the 10-year research experience and many pub-
lications, teaching of the technique is still limited. This fact results in a very limited 
demand, lack of a market and absence of interest by companies manufacturing med-
ical equipment. In turn this results in no commercial pressure and no teaching. It is 
hoped that insurance companies, clinical and scientifi c associations, academic insti-
tutions and maternity centers would soon become aware of the large body of scien-
tifi c literature concerning episiotomy and the proper way of performing it. A greater 
awareness of the problem by the gynecologists and obstetricians, especially in the 
countries where episiotomy is almost routinely applied, would certainly avoid legal 
issues dealing with the consequences of this controversial intervention. Information 
of medical students and clinical specialists and their training in properly performing 
prepartum tests and episiotomy is highly desirable.  

    Conclusions 
 Minimally invasive EMG of the EAS is a suffi ciently tested technique to mini-
mize episiotomy risks and document changes in EAS innervation/reinnervation 
patterns following obstetric trauma. 
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 Its application should be extended to provide a prognosis for functional recov-
ery following surgical repair of sphincter tears which is not useful in case of a 
denervated muscle. Dissemination of the method, teaching and training of opera-
tors are justifi ed by recent fi ndings. Potential reduction of cases of incontinence 
and economic and social costs, although not yet documented, should be expected.     

  Acknowledgments   The author is grateful to Prof Taian Vieira, and to the partners of Project 
TASI [ 4 ,  5 ] for contributing material and data. The clinical advice and revision by Dr D. Riva are 
greatly appreciated. This chapter is extensively based on material published in Chap. 14 
“Applications in proctology and obstetrics” of the book “Surface electromyography: physiology, 
engineering and applications” R. Merletti and D Farina editors, J Wiley and IEEE press 2015 and 
on material published in the book “Atlas of muscle innervation zones: understanding surface elec-
tromyography and its applications” by M. Barbero, R. Merletti and A. Rainoldi, published by 
Springer Verlag (2012). The author is grateful to Springer Verlag, John Wiley and IEEE Press for 
permission to reproduce material from these books. Project TASI as well as the preparation of this 
chapter were fi nancially supported by Compagnia di San Paolo, Torino, Italy.  

   References 

          1.    Enck P, Franz H, Azpiroz F, Fernandez-Fraga X, Hinninghofen H, Kaske-Bretag K, Bottin A, 
Martina S, Merletti R (2004) Innervation zones of the external anal sphincter in healthy male 
and female subjects. Digestion 69:123–130  

       2.    Enck P, Hinninghofen H, Wietek H, Becker HD (2004) Functional asymmetry of pelvic fl oor 
innervation and its role in the pathogenesis of fecal incontinence. Digestion 69:102–111  

     3.    Cescon C, Bottin A, Azpiroz F, Merletti R (2008) Detection of individual motor units of the puborec-
talis muscle by non-invasive EMG electrode arrays. J Electromyogr Kinesiol 28(3):382–389  

         4.    Cescon C, Raimondi EE, Začesta V, Drusany-Starič K, Martsidis K, Merletti R (2014) 
Characterization of the motor units of the external anal sphincter in pregnant women with 
multichannel surface EMG. Int Urogynecol J 25:1097–1103  

               5.   Cescon C, Riva D, Začesta V, Drusany-Starič K, Martsidis K, Protsepko O, Baessler K, 
Merletti R (2014) Effect of vaginal delivery on external anal sphincter muscle innervation pat-
tern evaluated with multichannel surface EMG (results of the multicenter study TASI-2). Int 
Urogynecol J 25:1491–1499  

    6.    López A, Nilsson BY, Mellgren A, Zetterström J, Holmström B (1999) Electromyography of 
the external anal sphincter: comparison between needle and surface electrodes. Dis Colon 
Rectum 42:482–485  

    7.    Podnar S, Lukanovič A, Vodusek DB (2000) Anal sphincter electromyography after vaginal 
delivery: neuropathic insuffi ciency or normal wear and tear? Neurourol Urodyn 19:249–257  

     8.    Enck P, Hinninghofen H, Merletti R, Azpiroz F (2005) The external anal sphincter and the role 
of surface electromyography. Neurogastroenterol Motil 17(Suppl 1):60–67  

       9.    Merletti R, Bottin A, Cescon C, Farina D, Mesin L, Gazzoni M, Martina S, Pozzo M, Rainoldi 
A, Enck P (2004) Multichannel surface EMG for the non-invasive assessment of the anal 
sphincter muscle. Digestion 69:112–122  

     10.   Barbero M, Merletti R, Rainoldi A (2012) Atlas of muscle innervation zones: understanding 
surface electromyography and its applications. Springer Verlag Italia. ISBN 978-88-470-2462-5  

    11.   Merletti R, Farina D (eds.) (2015) Surface electromyography: physiology, engineering and 
applications. J Wiley and IEEE Press, NJ, USA  

    12.    Cescon C, Mesin L, Nowakowski M, Merletti R (2011) Geometry assessment of anal sphincter 
muscle based on monopolar multichannel surface EMG signals. J Electromyogr Kinesiol 
21(2):394–401  

R. Merletti



97

   13.    Enck P, Franz H, Davico E, Mastrangelo F, Mesin L, Merletti R (2010) Repeatability of inner-
vation zone identifi cation in the external anal sphincter muscle. Neurourol Urodyn 29(3):
449–457  

     14.   Ullah K, Cescon C, Afsharipour B, Merletti R (2014) Automatic detection of motor unit inner-
vation zones of the external anal sphincter by multichannel surface EMG. J Electromyogr 
Kinesiol 24(6):860–867  

    15.   Nygaard I (2005) Should women be offered elective cesarean section in the hope of preserving 
pelvic fl oor function? Int Urogynecol J 16:253–254  

     16.    Tincello D, Williams A, Fowler G, Adams E, Richmond D, Alfi revic Z (2003) Differences in 
episiotomy technique between midwives and doctors. BJOG 110(12):1041–1044  

    17.    Kalis V, Karbanova J, Horak M, Lobovsky L, Kralickova M, Rokyta Z (2008) The incision 
angle of mediolateral episiotomy before delivery and after repair. Int J Gynaecol Obstet 
103:5–8  

     18.    Freeman RM, Hollands HJ, Barron L, Kapoor DS (2014) Cutting a mediolateral episiotomy at 
the correct angle: evaluation of a new device, the Episcissors-60. Med Devices (Auckl) 
7:23–28  

     19.    Signorello LB, Harlow BL, Chekos AK, Repke JT (2000) Midline episiotomy and anal incon-
tinence: retrospective cohort study. BMJ 320(7227):86–90  

     20.    Borello-France D, Burgio KL, Richter HE, Zyczynski H, Fitzgerald MP, Whitehead W, Fine P, 
Nygaard I, Handa VL, Visco AG, Weber AM, Brown MB (2006) Fecal and urinary inconti-
nence in primiparous women. Obstet Gynecol 108(4):863–872  

     21.    Fenner D (2006) Anal incontinence: relationship to pregnancy, vaginal delivery, and cesarean 
section. Semin Perinatol 30(5):261–266  

     22.    Andrews V, Sultan AH, Thakar R, Jones PW (2006) Risk factors for obstetric anal sphincter 
injury: a prospective study. Birth 33(2):117–1122  

     23.    Sartore A, De Seta F, Maso G, Pregazzi R, Grimaldi E, Guaschino S (2004) The effects of 
mediolateral episiotomy on pelvic fl oor function after vaginal delivery. Obstet Gynecol 103:
669–673  

     24.    Wheeler TL, Richter HE (2007) Delivery method, anal sphincter tears and fecal incontinence: 
new information on a persistent problem. Curr Opin Obstet Gynecol 19(5):474–479  

     25.    De Leeuw JW, Vierhout ME, Struijk PC, Hop WC, Wallenburg HC (2001) Anal sphincter 
damage after vaginal delivery: functional outcome and risk factors for fecal incontinence. Acta 
Obstet Gynecol Scand 80(9):830–834  

    26.    Andrews V, Thakar R, Sultan A, Jones P (2005) Are mediolateral episiotomies actually medio-
lateral? BJOG 112:1156–1158  

    27.    Franz H, Hinninghofen H, Kowalski A, Merletti R, Enck P (2006) Mode of delivery affects 
anal sphincter innervation. Gastroenterology 130(Suppl 2):S724  

    28.    Wietek BM, Hinninghofen H, Jehle EC, Enck P, Franz HB (2007) Asymmetric sphincter 
innervation is associated with fecal incontinence after anal sphincter trauma during childbirth. 
Neurourol Urodyn 26(1):134–139  

     29.   Carroli G, Belizan J (2000) Episiotomy for vaginal birth. Cochrane Database Syst Rev 
(1):CD000081  

   30.    Christianson LM, Bovbjerg VE, McDavitt EC, Hullfi sh KL (2003) Risk factors for perineal 
injury during delivery. Am J Obstet Gynecol 189(1):255–260  

   31.    Dudding TC, Vaizey CJ, Kamm MA (2008) Obstetric anal sphincter injury: incidence, risk 
factors, and management. Ann Surg 247(2):224–237  

     32.    Fritel X, Schaal J, Fauconnier A, Bertrand V, Levet C, Pigne A (2008) Pelvic fl oor disorders 
four years after fi rst delivery: a comparative study of restrictive versus systematic episiotomy. 
BJOG 115:247–252  

   33.    Gee AS, Jones RS, Durdey P (2000) On line quantitative analysis of surface electromyography 
of the pelvic fl oor in patients with faecal incontinence. Br J Surg 87(6):814–818  

    34.    Gregory WT, Lou JS, Simmons K, Clark AL (2008) Quantitative anal sphincter electromyog-
raphy in primiparous women with anal incontinence. Am J Obstet Gynecol 198(5):550.
e1–550.e6  

7 Pelvic Floor EMG: Principles, Techniques, and Applications



98

   35.    Guise JM, Morris C, Osterwell P, Li H, Rosenberg D, Greenlick M (2007) Incidence of fecal 
incontinence after childbirth. Obstet Gynecol 109:281–288  

   36.    McKinnie V, Swift SE, Wang W, Woodman P, O’Boyle A, Kahn M, Valley M, Bland D, 
Schaffer J (2005) The effect of pregnancy and mode of delivery on the prevalence of urinary 
and fecal incontinence. Am J Obstet Gynecol 193:512–517  

   37.    Murphy D, Macleod M, Bahl R, Goyder K, Howarth L, Strachan B (2008) A randomized 
controlled trial of routine versus restrictive use of episiotomy at operative vaginal delivery: a 
multicenter Pilot study. BJOG 115(13):1695–1702; discussion 1702–3 (2008)  

   38.    Nelson RL (2004) Epidemiology of faecal incontinence. Gastroenterology 126:3–7  
   39.    Fitzgerald MP, Weber AM, Howden N, Cundiff GW, Brown MB (2007) Risk factors for anal 

sphincter tear during vaginal delivery. Obstet Gynecol 109(1):29–34  
   40.    Handa VL, Blomquist JL, McDermott KC, Friedman S, Muñoz A (2012) Pelvic fl oor disorders 

after vaginal birth: effect of episiotomy, perineal laceration, and operative birth. Obstet 
Gynecol 119(2 Pt 1):233–239  

   41.    Kudish B, Blackwell S, Mcneeley SG, Bujold E, Kruger M, Hendrix SL, Sokol R (2006) 
Operative vaginal delivery and midline episiotomy: a bad combination for the perineum. Am J 
Obstet Gynecol 195:749–754  

   42.    Lewicky-Gaupp C, Hamilton Q, Ashton-Miller J, Huebner M, DeLancey JQ, Fenner DE 
(2009) Anal sphincter structure and function relationships in aging and fecal incontinence. Am 
J Obstet Gynecol 200(5):559  

    43.    Oberwalder M, Dinnewitzer A, Baig MK, Thaler K, Cotman K, Nogueras JJ, Weiss EG, Efron 
J, Vernava AM, Wexner SD (2004) The association between late-onset fecal incontinence and 
obstetric anal sphincter defects. Arch Surg 139(4):429–432  

    44.    Macmillan AK, Merrie AE, Marshall RJ, Parry BR (2004) The prevalence of fecal inconti-
nence in community-dwelling adults: a systematic review of the literature. Dis Colon Rectum 
47:1341–1349  

    45.    Mellgren A, Jensen LL, Zetterstrom JP et al (1999) Long-term cost of fecal incontinence sec-
ondary to obstetric injuries. Dis Colon Rectum 42:857–867  

     46.    Hartmann K, Meera Viswanathan M, Palmieri R, Gartlehner G, Thorp J, Lohr K (2005) 
Outcomes of routine episiotomy a systematic review. JAMA 293(17):2141–2148  

    47.    Eason E, Labrecque M, Marcoux S, Mondor M (2002) Anal incontinence after childbirth. 
CMAJ 166(3):326–330  

    48.    van Brummen HJ, Bruinse HW, van de Pol G, Heintz AP, van der Vaart CH (2006) Defecatory 
symptoms during and after the fi rst pregnancy: prevalences and associated factors. Int 
Urogynecol J Pelvic Floor Dysfunct 17(3):224–230, Epub 2005 Aug 3  

   49.    Tetzschner T, Sørensen M, Lose G, Christiansen J (1996) Anal and urinary incontinence in 
women with obstetric anal sphincter rupture. Br J Obstet Gynaecol 103(10):1034–1040  

   50.    Kamm MA (2003) Faecal incontinence. BMJ 327:1299–1300  
    51.    Deutekom M, Terra MP, Dobben AC, Dijkgraaf MG, Felt-Bersma RJ, Stoker J, Bossuyt PM 

(2005) Selecting an outcome measure for evaluating treatment in fecal incontinence. Dis 
Colon Rectum 48(12):2294–2301  

    52.    Sung VW, Rogers ML, Myers DL, Akbari HM, Clark MA (2007) National trends and costs of 
surgical treatment for female fecal incontinence. Am J Obstet Gynecol 197(6):652.e1–652.e5  

    53.    Amorim M, Franca-Neto A, Leal N, Melo F, Maia S, Alve J (2014) Is it possible to never 
perform episiotomy during vaginal delivery ? Obstet Gynecol 123(Suppl 1):38S. 
doi:  10.1097/01.AOG.00004473114.51968.54      

    54.    Bharucha AE, Zinsmeister AR, Locke GR, Seide BM, McKeon K, Schleck CD, Melton LJ 
(2005) Prevalence and burden of fecal incontinence: a population-based study in women. 
Gastroenterology 129:42–49  

    55.    Weber AM (2004) The perspective of a gynecologist on treatment-related research for fecal 
incontinence in women. Gastroenterology 126:S169–S171  

   56.    Pirro N, Sastre B, Sielezneff IJ (2007) What are the risk factors of anal incontinence after vagi-
nal delivery? J Chir (Paris) 144(3):197–202, Review. French  

R. Merletti

http://dx.doi.org/10.1097/01.AOG.00004473114.51968.54


99

   57.    South MM, Stinnet SS, Sanders DB, Weidner AC (2009) Levator ani denervation and rein-
nervation six months after childbirth. Am J Obstet Gynecol 200(5):519.e1–519.e7  

   58.    Woolley RJ (1995) Benefi ts and risks of episiotomy: a review of the English-language litera-
ture since 1980. Part I and Part II. Obstet Gynecol Surv 50:806–835  

    59.    Wunderlich M, Swash M (1993) The overlapping innervation of the two sides of the external 
anal sphincter by the pudendal nerves. J Neurol Sci 59:97–109    

7 Pelvic Floor EMG: Principles, Techniques, and Applications



101© Springer International Publishing Switzerland 2016
D. Riva, G. Minini (eds.), Childbirth-Related Pelvic Floor Dysfunction: 
Risk Factors, Prevention, Evaluation, and Treatment, 
DOI 10.1007/978-3-319-18197-4_8

        S.   Salvatore    (*) •    A.   Redaelli    •    I.   Baini    •    M.   Candiani    
  Department of Obstetrics & Gynecology ,  San Raffaele University ,   Milan ,  Italy    

  8      Sexual Function After Delivery 
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        Few studies have been carried out on post-partum sexual function; in fact, little is 
known concerning postnatal sexual dysfunctions related to childbirth in various 
ways and/or obstetric risk factors. Sexual dysfunction is a multifaceted disorder that 
occurs frequently and concerns various aspects of sexuality:

•    Sexual desire disorders that are often related to the hypo effi ciency of the pelvic 
fl oor, which occurs post-partum  

•   Sexual arousal disorders due to the vaginal dryness and poor lubrication typical 
of breastfeeding women  

•   Orgasmic disorders related to hypotonia due to childbirth which causes pain and 
inability to reach orgasm  

•   Superfi cial dyspareunia (pain during penetration)    

 In general, the prevalence of post-partum sexual dysfunction ranges between 22 
and 50 %. In a study carried out by Odar et al., at a 6-month post-partum follow-up, 
22.2 % reported having sexual problems due to vaginal pain (18.8 % due to lacera-
tions) or blood loss (15.6 %) [ 1 ]. According to Barrett et al., only 15 % of women 
suffering from post-partum sexual dysfunctions report the problem to their doctor [ 2 ]. 

 Pelvic fl oor traumas are often related to sexual dysfunction and are associated 
with the following risk factors: advanced maternal age, low BMI with operative 
delivery, prolonged second stage of labour, foetal head circumference and 
episiotomy. 
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8.1     Time Required for Resuming Sexual Intercourse 

 The time required for resuming sexual intercourse after childbirth varies from 
woman to woman and is infl uenced by many factors. Signorello et al. studied the 
time required for resuming sexual intercourse following childbirth for a cohort of 
626 women who had vaginal delivery with or without episiotomy and vaginal 
tears. After 6 months all women included in the study had resumed having sexual 
intercourse regardless of the level of laceration. Women with lower grades of 
laceration (grades I and II) had resumed having sexual intercourse on average 
7.1 weeks post- partum while women with higher grades of lacerations (grades III 
and IV) had resumed sexual intercourse on average 9.3 months post-partum. 
Moreover patients aged ≥35 years of age resumed having sexual intercourse on 
average 2.5 weeks later than women aged <25 years of age. Black women resumed 
having sexual intercourse on average 1.2 weeks earlier than white women. 
Breastfeeding women resumed having sexual intercourse 0.8 weeks earlier than 
non-breastfeeding women [ 3 ]. 

 In the study by Brubaker et al., the percentage of women who began having 
sexual intercourse at 6 months post-partum was approximately 90 %. The resump-
tion of sexual intercourse was slightly longer for women with 3rd and 4th degree 
perineal tears and women who underwent caesarean sections than women with 
vaginal delivery [ 4 ].  

8.2     Dyspareunia 

 Dyspareunia post-partum is a fairly common problem. In a study carried out by 
Odal et al. approximately 62 % of women who resumed having sexual intercourse 
6 month after childbirth reported pain [ 1 ]. 

 The study by Basksu et al. shows that women who undergo a paramedian episi-
otomy have an increase in the level of pain at 6 months post-partum compared to 
women who have elective caesarean sections [ 5 ]. The same result is reported by 
Safarinejad et al. [ 6 ]. 

 This fi nding is in agreement with the study by Klein et al. which showed that the 
fi rst-time mothers who had elective caesarean sections had better-toned pelvic fl oors 
than women who had a delivery. This leads many women to prefer giving birth by 
caesarean section than vaginal delivery. Besides the pain, it appears to have a pre-
dominant effect on the total FSFI score [ 7 ] as well as on sexual satisfaction. 

 Among women who had a delivery, the women with 3rd and 4th grade vaginal 
tears reported feeling more pain than the patients with intact perineum which 
decreased at 3 and 6 months post-partum in both cases [ 3 ]. Moreover, women who 
underwent episiotomy reported feeling more pain at their fi rst sexual intercourse 
after childbirth than women who with a spontaneous perineal lacerations. 

 According to Brubaker et al., it is estimated that 20 % of women report feeling 
pain during sexual intercourse at 3 months post-partum and one fi fth of them feel 
pain after 6 months [ 4 ].  
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8.3     Sexual Desire 

 It is well known that sexual desire is still reduced 1 year after giving birth and that 
sexual intercourse is less frequent [ 2 ,  8 ], yet it is diffi cult to determine if this is due 
to psychological or physical issues. 

 There are also organic causes which may cause low sexual desire: low levels of 
oestrogen which reduce vaginal lubrication and lead to less congestion of blood 
vessels, high prolactin levels especially when breastfeeding which leads to mood 
changes and lastly a drop in androgen which is ultimately responsible for loss of 
sexual desire. 

 Waterstone et al. states that the type of delivery or episiotomy are not the only 
factors responsible for loss of desire and that other issues may come into play: lack 
of interest in one’s partner, fear of getting pregnant again and fear of feeling genital 
discomfort [ 9 ]. 

 Safarinejad argues that women who undergo operative deliveries, emergency 
caesarean sections or episiotomies are more prone to sexual desire disorders com-
pared to patients who have eutocic deliveries without episiotomy or elective caesar-
ean sections [ 6 ].  

8.4     Sexual Arousal, Orgasm, Lubrification and Sexual 
Satisfaction 

 Sexual arousal, orgasm and lubrication undergo some changes after delivery. The 
reason for these changes is diffi cult to defi ne. They could be both psychological and 
physical. Safarinejad et al. reported that both women who deliver vaginally and by 
caesarean section referred a decline in sexual arousal, more important in women 
after operative delivery. Lubrication disorders are associated with hypoestrogenic 
state typical of breastfeeding that brings to vaginal dryness [ 6 ]. Sexual satisfaction 
is reduced in post-partum women and it does not depend on the mode of delivery; it 
improves with time [ 6 ].  

8.5     Partner Sexual Satisfaction 

 Sexual dysfunctions do not involve only women; they also affected women’s 
partners. Safarinejad et al. reported male partners’ sexual dysfunctions related 
to the mode of delivery of their women. Partners of women who underwent 
instrumental delivery suffered of erectile dysfunction more frequently than part-
ners of women who deliver vaginally or by caesarean section. Orgasm, sexual 
arousal and sexual satisfaction were not affected by women’s mode of delivery. 
Partners of women who underwent an elective caesarean section were more 
satisfi ed after 3 months post-partum [ 6 ]. According to Gungor et al., vaginal 
penetration perception was changed in the post-partum period both in women 
than in men [ 10 ].  
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8.6     Psychological Argument 

 Psychology plays an important role in the development of sexual dysfunction. 
Sexuality is an important issue of couple life. Culture, emotion and religion affect 
couple’s post-partum life. The birth of a baby could disrupt a couple’s balance, and 
it depends on the cultural environment. The birth of a baby brings some changes on 
the physical aspects, in particular on genitalia. Women who underwent episiotomy 
refer pain and consequently fear of resumption of sexual intercourse. 

 Many post-partum women suffer of some sexual dysfunction, such as loss of 
sexual desire, dyspareunia, loss of lubrication, pain at orgasm, vaginal bleeding and 
vaginal aching. From pregnancy to delivery, a woman’s body undergoes some 
changes that can bring psychological consequences. After delivery, women suffer 
physical and emotional dysfunctions that can worsen over time. Sexual dysfunction 
could bring to women and women’s partners unhappiness. In the post-partum, 
women could feel guilty of being a bad but healthy and happy mother and partner 
because of tiredness, anxiety, depression and poor quality of life. 

 Financial and relational problems are associated with a high incidence of psy-
chological symptoms; this emphasizes the importance of a social environment and 
a good couple life of post-partum women.     
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  9      The Controversial Role of Episiotomy 

             Diego     Riva    

9.1            Introduction 

 Episiotomy is the term used for identifying the surgical cutting, made usually with 
scissors, of vaginal and perineal tissues, beginning at the level of the posterior four-
chette or few millimetres lateral to it, during the second stage of labour, in order to 
enlarge the vulvar introitus: this manoeuvre can avoid an excessive trauma to that 
area and accelerate the delivery in case of fetal distress. Anatomical structures that 
can be involved are vaginal wall, bulbo-cavernous, superfi cial and deep transverse 
perineal muscles. Lesions of external and internal anal sphincters or of pubo-rectalis 
muscle can occur if deeper structures are interested during episiotomy itself or as a 
consequence of unexpected lacerations. It was performed for the fi rst time in 1742 
by C. Ould to prevent a serious perineal damage, but the term was introduced only 
by C Braun in 1857. Its use in Northern American literature was described in 
1852 by Tagliaferro as a part of the obstetric assistance in pre-eclamptic women. 
Beginning from the 20s of the last century, episiotomy gained popularity as a 
method to reduce fetal trauma in complicated deliveries in primiparae, and in the 
following years it was used even to prevent severe maternal sequelae as deep vagi-
nal tears or anal disruptions. 

 Since the 1980s, it became widely adopted by midwives both in the USA and in 
Europe, and it was considered as a part of the routine birth assistance, even if a clear 
demonstration of its effi cacy to reduce  perineal damage  was not reached. Beginning 
from the 90s, a great variety of randomized study was conducted to investigate the 
protective or the negative role of episiotomy as regards a series of consequences of 
 vaginal birth , that is perineal pain, dyspareunia, impaired innervations of muscular 
tissues, urinary and anal incontinence. More recently, many studies focused on the 
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pros and cons of a restrictive use of episiotomy or a particular type of episiotomy, in 
relationship to the long-term sequelae of perineal trauma: among them anal sphinc-
ter injuries (OASIS) represent undoubtedly a major concern after vaginal birth as 
they are the commonest cause of faecal incontinence. 

 From a general point of view, the following risk factors for 3rd or 4th degree tears 
were reported by P. Aukee et al. [ 1 ]: primiparity (OR: 5.42), vacuum extraction (OR 
2.98), parietal presentation (OR 5.64) and neonatal weight >4,000 g (OR 3.01). As 
regards episiotomy, they suggested that it had a protective role against perineal tears. 

 In this chapter, we will debate some related questions. Which is the best policy: 
a restrictive or a routine use of episiotomy? In which cases episiotomy may have a 
protective or a negative action? How episiotomy must be performed to be really 
protective? Is there any difference between primiparae and multiparae or during 
operative vaginal birth? Which is the role of caesarean section as regards pelvic 
fl oor integrity?  

9.2     Routine or Restrictive Use of Episiotomy 

 Nowadays, OMS recommends that episiotomy should be performed not routinely, 
but only when necessary; following these suggestions it ought to be used in no more 
than 5–10 % of deliveries [ 2 ]. Despite that, it represents all over the world the most 
widely performed operation during delivery, always without obtaining an informed 
consent, and in Europe the average rate is reported to be about 30 %, reaching the 
rate of 80 % in many obstetrical departments. There is a great variability of rates in 
different European countries, ranging from 9.7 % in Sweden, 22 % in Finland, 
13–25 % in Great Britain, to 30–49 % in France, 58 % in Italy and fi nally 87.3 % in 
Spain. In Central and South America, its rates are shown to be about 95 %. 

 Therefore, the pros and cons of a  restrictive use of episiotomy  are still now very 
often debated by most researchers. The supporters of routine episiotomy claim that 
it prevents from uncontrolled tears and deep lacerations of pelvic musculature, but 
their arguments are far from being fully clarifi ed: fi rst of all the consequences of 1st 
and 2nd spontaneous lacerations are practically absent [ 3 ] and the most feared deep 
lacerations that are followed by long-term dysfunctions as urinary and/or anal 
incontinence are not always avoided by episiotomy. 

 Other studies examined the risk of  4th degree tears  (4° DT) in different institutes, 
where routine or selective mediolateral episiotomies (MLE) were performed: the 
rate of tears were globally equal (1.6 %), being comprised between 0 and 6.6 % in 
both groups, the rates of MLE being on the contrary comprised between 51 and 
100 % [ 4 – 9 ] (Table  9.1 ).

   In 2011, Raisanen et al. [ 10 ] examined the consequences of different delivery 
policies in Finland on the risks of anal sphincter ruptures: they concluded that epi-
siotomy was a weak protective factor (OR 0.82) only in primiparous patients but not 
in multiparous ones (OR 2.86) and that therefore a high rate of episiotomy had prob-
ably to be preferred in primiparae. They also observed that episiotomy in multipa-
rous women was performed frequently only if a risk factor for OASIS was present. 
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 As regards urinary incontinence after 3 months and 3 years after delivery, two 
studies [ 7 – 9 ] did not fi nd any difference between a selective or a routine use of 
mediolateral episiotomy (Table  9.2 ).

   Even the overview published by Myers-Helfgott et al. [ 11 ] underlines the same 
concept. 

 Therefore, as for this topic, in conclusion we agree with the affi rmation that there 
is little evidence to support routine episiotomy in modern obstetric practice.  

9.3     How Episiotomy Must Be Performed 

 A main question regards how episiotomy is performed, because it has a fundamental 
infl uence on anatomical structures that can be involved not only directly during the 
episiotomy itself, but also as regards the possibility of vaginal tears in other areas: this 
fact can occur if vaginal introitus is not enlarged enough by episiotomy to allow the 
passage of the fetus without creating other lesions, or if the incision is involuntarily 
widened creating a damage in the deeper structures. We must remember that the three 
variations of episiotomy are medial, a midline incision from the fourchette toward the 
anal canal, mediolateral, that begins at the midline and is directed laterally reaching an 
angle between 40° and 60° to the left or to the right of the anal canal, and lateral in 
which the incision begins laterally from the midline at 4–5 or 7–8 o’clock. 

 Following the classifi cation and  standardization of episiotomies  published by 
Kalis et al. in 2012 [ 12 ], they can therefore be distinguished by type, origin of the 
initial incision and direction of the cut. Therefore, in every patient, the point of origin 
in relationship with the posterior fourchette, the angle from the midline, the length of 
the cut and the distance from the anal canal ought to be calculated (Fig.  9.1 ).  

 In the vast majority of obstetrical wards, only the midline and the mediolateral 
incisions are used. 

   Table 9.1    Risk of 4th degree tears (4° DT)   

 Ref n°  Pts n°  Selective MLE (4°DT%)  Routine MLE (4°DT%)  OR 

 5  181  0  5.6  0.12 

 6  2,606  1.2  1.5  0.78 

 7  698  6.6  6.6  1 

 8  881  0.45  0  7.32 

 9  1,000  0.8  0.2  3.36 

 Total  5,366  1.6  1.6  0.91 

   Table 9.2    The impact of episiotomy on urinary incontinence after 3 months or 3 years with 
 routine episiotomy (RE) or selective episiotomy (SE)   

 3 months RE  SE  3 years RE  SE 

 UI  4 %  6 %  8 %  9 % 

 UI  18 %  17 %  Not rep  Not rep 
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 The right way in which it must be performed (midline versus mediolateral) is a 
key point and is widely debated: for example, Coat et al. [ 13 ] reported that midline 
episiotomy was followed by anal laceration in 11.6 % of women, while only 
2 % experienced such complication after mediolateral episiotomy. Other authors 
reported that the OR for complete lacerations after midline episiotomy ranged 
between 1.08 and 22 in spontaneous vaginal deliveries [ 14 – 16 ]. Studies evaluating 
the episiotomy technique showed that the angle is signifi cantly associated with 
OASIS: Injuries occurred more frequently when the angle is inferior to 40° [ 17 ,  18 ]. 

 In a very sophisticated study, Stedenfeldt et al. [ 19 ] in 2012 examined two groups 
of women who had had episiotomy or not as regarded the occurrence of OASIS: 
they showed that the risk of sphincter laceration decreased by 70 % by each 5.5 mm. 
increase in episiotomy depth, and by 56 % for every 4.5 mm increase in the distance 
from the midline. 

 Despite that, midline episiotomy is still widely performed because it appears 
more physiologic; it is considered easier to heal and is reported to cause less perineal 
pain or long-term dyspareunia. In our opinion, midline episiotomy should be almost 
abandoned, as it may be very dangerous: it has to be performed only by well- trained 
midwives, in non-operative deliveries and with fetuses with normal weight. 

 We must underline that the timing of episiotomy is also very important, as it must 
be done before the occurrence of any nervous stretching or anal sphincter disruption.  

9.4     Episiotomy in Operative Delivery 

 A different question regards  operative vaginal deliveries , in which episiotomy 
could be more effective in avoiding OASIS. 

 Even for this point, opinions are often different. In 2008, Murphy et al. [ 20 ] 
reported about the effects of routine versus restricted use of episiotomy in operative 
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vaginal delivery, in a randomized trial, but their results, regarding 317 operative 
vaginal deliveries, were inconclusive: they did not fi nd any evidence that routine 
episiotomy was better than a restrictive one in preventing 3rd or 4th degree tears; 
anal sphincter tears were 8.1 % with routine episiotomy in comparison with 10.9 % 
with restrictive use: No statistical difference was reached, but this result was prob-
ably negative because their samples were too small. 

 On the other hand, a larger retrospective study published by deLeeuw et al. [ 21 ] 
in 2008 showed that episiotomy appeared highly protective against anal sphincter 
tears both in forceps and in vacuum births: they demonstrated that the risk of anal 
incontinence after a complete perineal tear was lower if the patient had a mediolat-
eral episiotomy (12 % vs. 46 %): this fact could be related also to the protective 
effect against neurological lesions. 

 The same opinion was expressed by de Vogel et al. [ 22 ]: in a very large study, 
they found that when MLE was performed, the risk of developing OASIS after 
operative vaginal delivery was decreased by sixfold (3.3 % vs. 15.6 %). 

 These dramatic differences may be related to different clinical behaviours in the 
timing of episiotomy or to its technique or indeed to the classifi cation of anal tears. 
The comparison among the three studies underlines that the argument is not well 
clarifi ed and that many confounding elements may contribute to different results, 
but the vast majority of authors agree that a MLE must be performed in operative 
vaginal deliveries. As a matter of fact, in order to prevent anal sphincter tears, a 
strict cooperation between the doctor and the midwife is required during operative 
delivery to ensure the best perineal support and the right timing of episiotomy.  

9.5     Pelvic Floor Damage and the Opportunity 
for Caesarean Section 

 It is well known that vaginal birth represents the major cause of  anal incontinence  
(AI): even if lacerations of anal sphincter are uncommon, they represent a major 
complication of delivery with high percentages of subsequent faecal incontinence 
and/or defecatory problems: as a matter of fact, the incidence of AI following 3rd or 
4th degree tears is reported as ranging from 7 to 56 %. We have already underlined 
that undoubtedly median episiotomy is to be considered at higher risk of anal sphinc-
ter tear, as reported even in recent studies [ 19 ]. The damage of anal sphincter can be 
due both to a direct lesion, eventually not completely sutured after delivery, and/or to 
denervation, following stretching or laceration of pudendal nerve terminations. 
Beginning from the studies of Snooks et al. in the 80s [ 23 ], denervation of the pelvic 
fl oor after vaginal delivery was fully demonstrated in about 80 % of women. 

 Stretching to pudendal nerve can lead to cumulative damages to pelvic fl oor, so 
that muscular denervation, atrophy, fi brosis and fi nally impaired function and defec-
tive organ support usually follow. As a matter of fact, up to 25 % of primiparous 
women experience small degrees of AI post-partum and one third show some 
aspects of anal sphincter injury. In most women, faecal incontinence resolves spon-
taneously, but at the age of 65 it affects about 13 per 1,000 women. 
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 The study performed by Casey et al. [ 24 ] involving 10,643 primiparous women 
showed that episiotomy represented an odd factor for post-partum anal incontinence 
(OR 1.7) and for any type of urinary incontinence (both urge and stress types). 

 Other authors reported that after instrumental vaginal delivery the risk of anal 
incontinence is increased with an OR of 1.94–7.2; the risk of urinary incontinence 
appears to be increased with an OR of 1.81, while the frequency of urgency is 
increased of 4.2 times [ 21 ,  22 ]. 

 A very intriguing question regards the widened request for  elective caesarean 
section  that is often based on this fact. 

 One hundred and four caesarean sections performed for emergency, 80 elective 
ones and 100 vaginal births with no perineal laceration were compared by Mira Lai 
et al. [ 25 ]: they found that the risk of anal incontinence was similar among the three 
groups. 

 A comparison between nulliparous women and patients submitted to CS showed 
that the rates of anal gas incontinence, faecal incontinence, stress urinary inconti-
nence and overactive bladder (OAB) were respectively: 5 and 9 % (gas inconti-
nence), 2 and 4 % (faecal incontinence), 11 and 18 % (SUI) and 4 and 6 % (OAB), 
showing that CS does not have a complete protective action against pelvic fl oor 
deterioration during pregnancy [ 26 ]. Examining  pelvic fl oor strength  after child-
birth, T. Sigurdardottir, K. Bo et al. [ 27 ] found a signifi cant reduction in PFM 
strength ( p  < 0.0001) and endurance ( p  < 0.0001) in all participants to their study 
after the fi rst childbirth. The reduction in strength was 20.1 hPa (CI:16.2; 24.1), 
31.4 hPa (CI: 7.4; 55.2) 5.2 hPa (CI: −6.6; 17.0) in the normal vaginal, instrumental 
vaginal and acute caesarean groups, respectively. The difference was signifi cant 
between normal vaginal and acute caesarean birth ( p  = 0.028) and between instru-
mental vaginal and acute caesarean birth ( p  = 0.003). They concluded that PFM 
strength is signifi cantly reduced after vaginal delivery, both normal and instrumen-
tal, 6–12 weeks postpartum, and that acute caesarean section resulted in signifi -
cantly less muscle strength reduction. 

 The effect of pregnancy and mode of delivery on  pelvic fl oor muscle function  
(PFMF) was prospectively evaluated also by K. Elenskaia et al. [ 28 ] by means of a 
subjective method (Oxford scale) and an objective analysis (perineometry). An 
assessment of PFMF was performed at 20 and 36 weeks of gestation and at 14 
weeks and 12 months after delivery. The resting pressure (RP) and the maximum 
squeeze pressure (MSP) were recorded. Results showed that between the 403 
women (182 nulliparous and 221 multiparous) recruited, 294 (73 %) delivered vagi-
nally and 92 (23 %) by caesarean section: RP and MSP improved signifi cantly 
( p  < 0.01) during pregnancy. After childbirth, a signifi cant decrease in PFMF was 
demonstrated that recovered completely by 1 year in the majority of women. They 
concluded that a physiological increment in PFMF during pregnancy appears to be 
common and that the pelvic fl oor weakens temporarily after childbirth but contrac-
tility appears to recover by 1 year, irrespective of the mode of delivery. 

 In a recently published study, Cescon, Riva et al. [ 29 ] reported the results of an 
EMG analysis of external anal sphincter fi bres and motor units before and after 
vaginal birth: They demonstrated that, in comparison with CS and deliveries 
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performed without an episiotomy, MLE is signifi cantly followed by external  anal 
sphincter denervation  due to a reduction of innervations zones (IZ) in the side 
(Right Ventral Quadrant) where it has been performed (Fig.  9.2 ).  

 Dupuis et al. [ 4 ] demonstrated that after a CS the risk of developing urinary 
incontinence was reduced (OR = 0.62; 95 % IC: 0.41–0.93), while there was no 
benefi t regarding anal incontinence both for gas (OR = 1.10; 95 % IC [0.79–1.54]) 
and for stool (OR = 0.54; 95 % IC [0.18–1.62]). This study may suffer from the bias 
due to the fact that it was based on an “intention to treat” analysis, so that only 57 % 
of women in the group of vaginal delivery underwent really to a vaginal birth. 
Beginning from 1993, Sultan et al. [ 30 ] as part of a study on delivery-related anal 
sphincter damage found that 10 % of 127 women who delivered vaginally had anal 
incontinence (including incontinence of fl atus) or urgency 6–8 weeks later. This 
sample, however, was small and may not have been representative since it included 
only those women who agreed to have a complete anal and perineal assessment. 
They also showed that if CS was performed during labour, latency times of puden-
dal nerves were higher 6 weeks after the fi rst delivery in comparison to elective CS 
and that there was a 35 % of echographic defect in anal sphincter. In a more recent 
study [ 31 ], they found that echographic defect ranged between 9 and 53 % and anal 
incontinence between 0 and 17 %: It meant that about 50 % of women with echo-
graphic defect were asymptomatic. 

 In the same way, Mac Arthur et al. [ 32 ] showed that among 113 women submit-
ted to emergency CS, 6 suffered from anal or urge faecal incontinence, confi rming 
that at the time of CS neurological lesions were already present. In their study, 36 
women (4 %) developed new faecal incontinence after the index birth, 22 of whom 
had unresolved symptoms. Twenty-seven had symptoms several times a week, yet 
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only fi ve consulted a doctor. Among vaginal deliveries, forceps and vacuum extrac-
tion were the only independent risk factors: 12 (33 %) of those with new inconti-
nence had an instrumental delivery compared with 114 (14 %) of the 847 women 
who had never had faecal incontinence. Six of those with incontinence had an emer-
gency caesarean section but none became incontinent after elective sections. 

 They concluded that faecal incontinence as an immediate consequence of child-
birth is more common than previously realized, and that medical attention is rarely 
sought. Forceps and vacuum extraction deliveries represent risk factors, with no 
protection demonstrated by emergency caesarean sections. Identifi cation and treat-
ment represent a great priority. 

 Apart from the risks related to surgery and post-operative complications, we can 
conclude that CS is not always protective against pelvic fl oor damage and that its 
risks must be balanced against fetal well-being and the risk of maternal perineal 
lesions. 

 Taking fi nally into account other considerations, we can remember that different 
perineal techniques and interventions are suggested to prevent perineal trauma. 
These interventions include perineal massage, warm compresses and perineal man-
agement techniques. 

 Some authors reported about the protective action of  perineal massage  during 
pregnancy in primiparas, just similarly to perineal support and close observation 
during delivery (Pirhonen et al. [ 33 ] – Samuelsson et al. [ 34 ]). On the other hand, 
other authors do not completely agree with these affi rmations (E. Eason et al. [ 35 ]) 
An interesting question regards the methods of delivery in women who had experi-
enced a third-degree tear during their fi rst delivery: following the study of Fynes 
et al. [ 36 ], episiotomy seems to increase the risk of a further tear. 

 Cassado et al. [ 37 ] investigated with 4D ultrasound if episiotomy could be pro-
tective against  levator ani avulsion  but their results were not statistically signifi cant, 
probably because their sample of 194 patients was too small. 

 As regards dyspareunia, it was reported by 24 % of women after delivery [ 38 ], 
but the role of episiotomy is controversial on this matter. 

 The last topic is related to a woman who has sustained a sphincter injury during 
her fi rst delivery. Subsequent deliveries by CS are commonly suggested, while a late 
recourse to CS during an advanced labour is not considered protective against peri-
neal nervous trauma. In this matter, the role of episiotomy is therefore not relevant.  

    Conclusions 
 The aim to avoid long-lasting damages of pelvic fl oor structures after vaginal 
delivery, affecting severely quality of life, must be our goal. The analysis of lit-
erature indicates that episiotomy is not to be suggested in a routine fashion. If 
demonstrated risk factors are present (e.g. an operative vaginal delivery or a high 
weight baby), mediolateral episiotomy represents undoubtedly the best choice. 
Elective caesarean section is not protective against pelvic fl oor dysfunction, 
because pregnancy itself can affect muscular, nervous and connective structures 
before delivery; the role of denervation and subsequent re-innervation are very 
intriguing topics in this fi eld.     
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  10      Perineal Care During Pregnancy, 
Delivery, and Postpartum 

             Giuseppe     Ettore     ,     Gabriella     Torrisi     , and     Sebastiana     Ferraro   

10.1             Introduction 

 Pregnancy and  vaginal childbirth  are often associated with neuromuscular and soft 
tissue injuries to the pelvic fl oor resulting in signifi cant short-term and long-term 
morbidity [ 1 – 3 ]. Morbidity is more signifi cant after third- and fourth-degree peri-
neal tears and the rates of trauma are higher in nulliparous women [ 4 ]. 

 Short-term morbidity includes pain and painful sex (dyspareunia) which impairs 
normal intercourse. Twenty percent of women who postpartum perineal trauma still 
have pain at 8 weeks [ 5 ], and 7–9 % report  pain  at 3 months [ 6 ]. Painful sex follow-
ing vaginal delivery is reported by 30 % of women at 6 months [ 7 ]. Women who 
sustain severe perineal trauma reported more pain 7 weeks after delivery than those 
with minor trauma; however, this difference was no longer present by 3 months 
postpartum [ 8 ]. The long-term maternal morbidity results in female pelvic fl oor 
dysfunctions (PFD), including  urinary incontinence  (UI),  anal incontinence  (AI), 
and  pelvic organ prolapse  (POP). 

 After vaginal delivery around 15% of women develop stress urinary inconti-
nence [ 9 – 11 ], 8 % experience incontinence of stool and 45 % suffer involuntary 
escape of fl atus following anal sphincter damage even after injury recognition and 
repair [ 12 ,  13 ]. Six months postpartum stage 2 pelvic organ prolapse was noted in 
18 % of primiparous women who delivered vaginally compared with 7 % of 
women who had cesarean birth [ 11 ,  14 ]. Prevention is the best form of treatment, 
but the knowledge of pelvic fl oor changes occurring during pregnancy and deliv-
ery is still limited. Complete and accurate understanding of injury mechanisms to 
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pelvic fl oor is essential to plan appropriate strategies of prevention and treatment. 
However, modern perineal care aims to identify risk factors of pelvic fl oor dam-
age and minimize mistakes, with both short-term (reduction perineal trauma) and 
long- term goals (PFD prevention). Several aspects are considered: information, 
identifi cation of patients at risk, prevention and treatment procedures to be applied 
during all reproductive phases. This chapter focuses on the best available practice 
of perineal care during pregnancy, delivery, and postpartum.  

10.2     Perineal Care in Pregnancy 

10.2.1     Information and Education 

 Pregnant women are generally motivated for lifestyle changes and this may be the 
optimal time to introduce a new behavior.  Life style recommendations  should be 
addressed to all pregnant women to prevent PFD and it would be useful to develop 
educational PFD prevention programs based on available evidence. 

 The following recommendations during pregnancy are prooved to be effective:

•    Correct micturition (postures and times)  
•   Adequate ingestion of fl uids  
•   Perineal hygienic measures  
•   Intestinal regularity  
•   Weight control  
•   Smoking cessation  
•   Regular examinations of perineal areas  
•   Encourage women to perform pelvic fl oor muscular training (PFMT) during 

pregnancy    

 Unfortunately during pregnancy, counseling on these issues occurs less fre-
quently than education on general topics like high blood pressure, weight control, 
diabetes, and pre-eclampsia [ 15 ]. This reveals a great potential for the pelvic fl oor 
education in daily pregnancy care.  

10.2.2     Identification of Antenatal Risk Factors 

 The antenatal identifi cation of  risk factors  for PFD should be considered in routine 
obstetrical activity and should become an integral part of the perineal care. The 
challenge for practitioners is to identify  high-risk  groups and implement preventive 
practices avoiding unnecessary interventions. It is feasible to give information about 
antenatal perineal prevention program to all pregnant women, but it is very diffi cult 
for logistic and economic reasons to implement the training pelvic program to all 
pregnant women. 
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 In agreement with other studies [ 16 – 23 ] our experience [ 11 ] identifi es the fol-
lowing antenatal risk factors:

•    Maternal age >35 years  
•   Family history of urinary or anal incontinence  
•   Antenatal BMI >30  
•   Chronic cough  
•   Constipation  
•   New onset of UI or AI during pregnancy    

 The latter represents one of the most important risk factors for persisting postna-
tal symptoms [ 11 ,  21 – 23 ].  

10.2.3     Methods Proposed to Prevent/Reduce the Genital Tract 
Trauma and the PFD Developing 

10.2.3.1     Antenatal Perineal Massage 
 All women undergo stretching of pelvic fl oor during birth, but only some of them 
experience perineal injury. Genetic predisposition and individual anatomical features 
such as viscoelastic properties of the vaginal wall, the pubovisceral muscle, and the 
perineal body are likely to play a role in this process. Studies performed in pregnant 
rodents [ 24 ,  25 ] show that hormones affect the biochemical composition of solid 
matrix and water content of each tissue layer of pelvic fl oor. Remodeling mecha-
nisms lead to changes within the organization, orientation, and diameter of the col-
lagen fi bers as well as the crimp structure of the collagen fi brils. Such effects can 
signifi cantly affect the short- and the long-term viscoelastic properties of vaginal 
wall, pubovisceral muscles, and perineal body. These data support the use of the 
 perineal massage  during the last month of pregnancy as a procedure to increase fl ex-
ibility of the perineal muscles and, therefore, decrease muscular resistance, enabling 
the perineum to stretch at delivery without tearing or needing episiotomy. 

 The effect of perineal massage during pregnancy has been evaluated in a few trials. 
The two major randomized trials were carried out in United Kingdom [ 26 ] and Canada 
[ 27 ] with opposite conclusions. However, a Cochrane review in 2013 [ 28 ] including 
four trials (2,497 women) showed that perineal massage, undertaken by the woman or 
her partner (for as little as once or twice a week starting from the 35th week), reduced 
the likelihood of perineal trauma, the need for episiotomy (16 % reduction), and subse-
quent perineal pain. The impact was more evident for nulliparous women than for 
multiparous women. No signifi cant differences were observed in the incidence of 
instrumental deliveries, sexual satisfaction, or incontinence of urine, feces or fl atus for 
any women who practiced perineal massage compared to those who did not. Women 
reported that in the fi rst few weeks massage can be uncomfortable, unpleasant and even 
produce a painful or burning sensation. However, pain and burning sensation decreased 
or subsided by the second or third week of massage. Although there is some transient 
discomfort, perineal massage is generally well accepted by women.   
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10.2.4     Antenatal Pelvic Floor Muscle Training 

 Pelvic fl oor muscle training (PFMT) was proposed for prevention of long-term 
maternal morbidity (urinary and fecal incontinence) in antenatal women. A 
Cochrane Review [ 29 ] showed that even women who did not leak during pregnancy 
could reduce the chance of leaking in the fi rst 6 months after childbirth by doing the 
exercises during and after their pregnancy. The exercises may especially be helpful 
for primiparous who are at higher risk of suffering urine leakage. During the train-
ing the women learn how to perform the so-called  slow or isometric Kegel exercises  
and the  isotonic or fast Kegel  exercises with the goal of becoming aware about the 
correct use of its perineal structure. An example of an effective protocol to treat and 
prevent urinary incontinence was proposed by Mørkved [ 30 ]. Pregnant women are 
guided by a skilled physiotherapist and each session lasts 45–60 min. The PFMT is 
performed in lying, sitting, kneeling (Fig.  10.1 ), and standing positions with legs 
apart. The physiotherapist encourages the women to perform PFM contractions 
close to the maximal effort, and to hold the contraction 6–8 s. At the end of each 
contraction, the women are asked to add 3–4 fast contractions. The resting period is 
about 6 s. In addition, the women performed 2–3 sets of 10 equally intensive PFM 
contractions per day at home. The training period in pregnant women was 12 weeks. 
However, this benefi cial effect did not continue on the long-term [ 31 ,  32 ] and novel 
interventions [ 33 ] may be required to improve motivation and adherence for better 
long-term outcomes. The effi cacy of a training program is highly dependent on the 
patient’s adherence and the physiotherapist plays a pivotal role in motivating the 
patient to follow the pelvic fl oor muscle (PFM) training protocol.  

 In conclusion, continent pregnant women having their fi rst baby should be 
offered a supervised and intensive antepartum PFMT program to prevent postpar-
tum UI/AI (Grade A of Recommendation) and the usual or standard approach 

  Fig. 10.1    PMFT in pregnancy       
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to PFMT in pregnancy (which is commonly verbal or written instruction without 
confi rmation of correct contraction or supervision of training) needs to be 
reviewed.   

10.3     Perineal Care in Delivery 

 About 85 % of women ungergo some degree of perineal trauma during vaginal 
childbirth. The accurate assessment, recognition and treatment of pelvic fl oor 
trauma have gained increasing importance over the last decade and any method 
proven to reduce the likelihood of sustained genital tract trauma should be recom-
mended.  Perineal trauma  can occur spontaneously or result from a surgical incision 
of the perineum. Anterior perineal trauma is an injury to the labia, anterior vagina, 
urethra, or clitoris, and is usually associated with little morbidity. Posterior perineal 
trauma represents any injury to the posterior vaginal wall, perineal muscles, or anal 
sphincter. Superfi cial perineal trauma may be associated with deeper injuries involv-
ing structural components of  pelvic fl oor , especially  levator ani  (LA)  muscle . 

 Using MRI and 3D ultrasound (Figs.  10.2  and  10.3 ) it is now possible to identify 
 obstetrical injuries  to LA muscle, particularly to the puborectalis muscle [ 33 – 35 ]. 
LA muscle trauma has been found in 15–35 % of vaginally parous women [ 33 ] and 
has been shown to be a strong risk factor for PFD later in life [ 36 ].   

 Perineal care in the  second stage of labor  often follows tradition-based routines 
rather than evidence-based practices. An appropriate management requires the 
identifi cation of the numerous factors which are potential determinants of severe 
perineal trauma – nulliparity, a large baby, prolonged second stage and malposition, 
episiotomy and instrumental delivery [ 37 ,  38 ] – and consequently the evaluation of 
benefi ts and risks of different interventions aimed to assist women during pushing. 

  Fig. 10.2    Bilateral levator 
ani injury in postpartum. 
(yellow arrows point to the 
right-side injury)       
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 Obstetric practice underwent major changes during the last few decades, such as a 
signifi cant increase caesarean section rate, reduction of forceps use, selective use of 
episiotomy, a preference for mediolateral episiotomy, and delivery in older age. Hence 
 perineal care  has changed in order to adapt to the new needs. In this chapter, we intend 
to review the literature on the evidence-based interventions used during the second stage 
of labor, including maternal position changes, delayed pushing, directed or coached 
pushing, water delivery, epidural analgesia and perineal techniques for preventing peri-
neal trauma, to update the knowledge and the practice of optimal perineal care. 

10.3.1     Perineal Techniques and Other Interventions During 
the Second Stage of Labor for Reducing Perineal Trauma 

 Different techniques and interventions are used and some of them were proven ben-
efi cial in randomized controlled trials, but others are still lacking evidence of 
effectiveness.  

10.3.2     Interventions with Evidence from Randomized 
Controlled Trials 

10.3.2.1     The Perineal Management Techniques 
  The Perineal management techniques  (fl exion technique “Hands-on Approach” and 
 Ritgen’s maneuver ) are the most widely used and are claimed to reduce perineal 
trauma by reducing the presenting diameter of the fetal head through the woman’s 
vaginal opening and slowing down the birth of the head so to allow the perineum to 
stretch slowly. The fl exion technique involves the maintenance of fl exion of fetal 
head, by exerting pressure on the emerging occiput in a downward direction, 

  Fig. 10.3    Unilateral levator ani injury (indicated by yellow arrow) in postpartum       
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preventing its extension until crowning, and placing a hand against the perineum to 
support this structure. 

 In Ritgen’s maneuver, the fetal chin is reached in an area between the anus and 
coccyx and pulled interiorly, while using the fi nger of the other hand on the fetal 
occiput to control delivery speed and keep the fetal head fl exed [ 39 ]. The Ritgen’s 
maneuver is called modifi ed [ 40 ] when performed during a contraction, rather than 
between contractions as originally recommended. 

 The “Hands-off Approach”  is a  well documented [ 41 ]  birth technique : the accoucheur 
has his/her hands poised to readily touch the head of the baby and guard the perineum 
when necessary (if rapid expulsion of the head is occurring then the accoucheur will 
be able to apply light pressure to the head), allowing the shoulders to birth spontane-
ously. The National Institute for Health and Clinical Excellence (NICE) Intrapartum Care 
Guideline 2007 [ 42 ], states that both birth techniques are appropriate to facilitate spon-
taneous vaginal delivery. A Cochrane review [ 43 ] carried out a meta-analysis of 8 RCTs 
(involving more than 11,000 women) regarding the perineal management techniques and 
concluded that: “Hands off (or poised)” and “Hands on” showed no signifi cant difference 
in frequency of intact perineum, laceration rates and third- and fourth-degree tears, but 
“hands off” is more effective in reducing the rate of episiotomy. 

 No signifi cant differences in the risk of severe perineal trauma and episiotomy were 
observed when comparing modifi ed Ritgen’s maneuver versus standard techniques. 

 National Plan Programme in Norway to reduce obstetric anal sphincter injury 
(OASIS) rate employing a “hands-on technique” (Fig.  10.4 ) also showed a signifi -
cant reduction in the incidence of obstetric anal sphincter tears from 4–5 % to 1–2 % 
during the study period ( P  < .001). LEVEL OF EVIDENCE II [ 44 ,  45 ].  

  Fig. 10.4    “Hands-on” 
technique       
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 The above perineum protection program consisted of four components during 
the last part of the second stage of delivery (when the baby’s head is crowning):

•    Manually slowing down the delivery of the fetal head  
•   Supporting/protecting perineum with the other hand and squeezing with fi ngers 

(fi rst and second) from the perineum lateral parts towards the middle in order to 
lower the pressure in middle posterior perineum  

•   Instructing to the delivering woman not to push  
•   Correcting the quality of episiotomy technique    

 This perineum protection programme (PEERS 5P’s Project) is supported by the 
results of biomechanical assessment with a fi nite element model of vaginal delivery, 
where the appropriate application of the thumb and index fi nger of the accoucheur’s 
hand to the surface of the perineum (Fig.  10.5 ) signifi cantly reduces tissue tension 
throughout the entire thickness of the perineum [ 46 ].   

10.3.2.2     Position in the Second Stage of Labor 
 In primitive cultures, women naturally give birth in upright positions like kneeling, 
standing, or squatting (Fig.  10.6 ). In western societies, doctors have infl uenced 
women to give birth on their backs, sometimes with their legs up in stirrups.  

  Fig. 10.5    Application of the 
thumb and index fi nger to the 
surface of the perineum       
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 The upright positions favor:

•    The descent of fetus exploiting the force of gravity  
•   The increase of pelvis diameter fostering better engagement of the fetus through 

the birth canal (with particular reference to squatting and kneeling position)  
•   The reduction of risk of compression of the blood vessels (aorta and cava), and 

therefore of fetus oxygenation  
•   The induction of more effective and intense uterine contractions with longer 

pause between contractions  
•   The reduced need for medical procedures such as episiotomy and Kristeller 

maneuver    

 An Australian retrospective analysis of 2002 [ 47 ] evaluated the effects of 6 dif-
ferent  birth positions  on perineal outcomes including episiotomy, lacerations requir-
ing suture, and intact perineum. The authors found that the lateral birth position had 
the highest rate of intact perineum (66.6 % intact, 28.3 % lacerations requiring 
suture), whereas squatting was associated with the highest rate of lacerations 
(41.9 % intact perineum, 53.2 % lacerations requiring suture). 

  Fig. 10.6    Goddess of 
fertility in the act of giving 
birth       
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 The Cochrane review [ 48 ] analyzed 22 studies involving 7,280 women and found 
that non-supine positions were associated with less assisted births, episiotomies, 
and fetal heart rate abnormalities, but with more second-degree lacerations. 
Furthermore, there are no conclusive data about the effect of position for the second 
stage of labor for women with epidural analgesia and therefore women with epi-
dural analgesia should be encouraged to use whatever position they fi nd comfort-
able in the second stage of labor. 

 In summary, there is good evidence that supine positioning should be avoided in 
second-stage labor. Squatting or sitting may be of benefi t when second stage is pro-
longed or expeditious birth is indicated, while side-lying or hands–knees positions 
may help prevent lacerations. Therefore, women should be discouraged from lying 
supine or semi-supine in the second stage of labor and should be encouraged to 
adopt any other position that they fi nd most comfortable [ 49 ].  

10.3.2.3     Pushing in the Second Stage of Labor 
 Interventions during the passive and active phases of the second stage of labor have 
also been considered to reduce perineal trauma.

•     Delayed pushing  is theorized to promote passive fetal descent and rotation, 
decrease maternal fatigue, and increase the rate of spontaneous vaginal birth 
[ 50 ]. Indeed, most midwives (85 %) report that  delayed pushing  is their typical 
practice for women with epidural analgesia [ 51 ]. The evidence supporting 
delayed pushing with epidural analgesia is also fairly robust. Delayed pushing 
may result in a longer second stage, but it is associated with an increase in the 
rate of unassisted vaginal births [ 52 ,  53 ], and decreased perineal trauma [ 54 ]. 
The Pushing Early or Pushing Late with Epidurals (PEOPLE) study [ 52 ] indi-
cates that delayed pushing when the fetus is occipito posterior (OP) may increase 
the chance for spontaneous vaginal birth without the need for rotational or instru-
mental intervention.  

•    Directed versus spontaneous pushing . Research evidence does not support the 
use of  directed pushing . Bloom et al. [ 55 ] conducted a trial of coached and 
uncoached pushing in the second stage of labor. The duration of the second stage 
of labor is shorter with coached pushing (mean difference 18.59 min), but no 
statistical difference was identifi ed in the number of instrumental/operative 
deliveries, perineal tears, postpartum hemorrhage, neonatal outcomes. In addi-
tion, urodynamic factors measured 3 months postpartum were negatively affected 
by directed pushing. Measures of fi rst urge to void and bladder capacity were 
decreased (mean difference respectively 41.50 ml, 95 % CI 8.40–74.60, and 
54.60 ml, 95 % CI 13.31–95.89) [ 56 ].     

10.3.2.4     Duration of Second Stage 
 The average duration of both fi rst and second stages of labor have trended up in the 
recent decades, and it is postulated that increased rates of epidural analgesia use and 
other maternal demographics are at least partly responsible [ 38 ,  51 ,  55 ]. There is a 
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strong association between  prolonged second stage  and increased maternal morbid-
ity: large retrospective and prospective observational studies report increased rates 
of third- and fourth-degree lacerations [ 25 ,  26 ] and other maternal complication – 
uterine atony, postpartum hemorrhage, intrapartum fever, and hysterectomy [ 47 ]– 
following prolonged second stage or pushing for more than 3 h or 4 h. The American 
College of Obstetrics and Gynecology (ACOG) hence recommends considering the 
diagnosis of prolonged second stage in nulliparous woman after 3 h with regional 
anesthesia or 2 h without, and for multiparous women after 2 h with regional anes-
thesia or 1 h without [ 57 ]. 

 In conclusion:

•    The routine use of Valsalva pushing in the second stage of labor is not helpful.  
•   Delayed pushing for women with epidural analgesia, especially when the fetal 

station is high or fetal position is not anterior, increases the chance of having a 
spontaneous vaginal birth.  

•   Directing women on when and how to push should be considered an intervention 
to be used only when indicated because spontaneous pushing is usually safer for 
the mother and fetus.  

•   Each woman should be individually assessed and instructed on the potential risks 
to her and the fetus of a prolonged second stage of labor.     

10.3.2.5     Water Immersion in Labor and Birth 
 Evidence suggests that  water immersion  during the fi rst stage of labor reduces the 
perception of pain [ 41 ], the use of epidural/spinal analgesia, and the duration of the 
fi rst stage of labor [ 58 ]. Furthermore, several studies have shown that delivery in 
water reduce the frequency and severity of perineal injuries, because immersion in 
hot water promotes relaxation of perineum tissues [ 59 ,  60 ]. On the contrary, 
Cochrane review [ 58 ] and our data [ 61 ] could not fi nd signifi cant differences 
between usual delivery and water delivery regarding rate of episiotomy, second-, 
third-, and fourth- degree tears.  

10.3.2.6     Warm Compresses 
 A recently published meta-analysis [ 43 ], assessing the effect of holding  warm 
gauzes  against the perineum, showed that such procedure is more effective than 
hands off or no warm compression in preventing the incidence of third- and fourth- 
degree tears and concluded that there is suffi cient evidence to support the use of 
warm compresses in the second stage of labor. 

 In addition, treated women reported signifi cantly lower pain score after birth and 
this simple and inexpensive procedure has been shown to be acceptable to both 
women and midwives.  

10.3.2.7     Perineal Massage During the Second Stage of Labor 
 The stretching massage of the perineum during each contraction is used to ease the 
perineum back over the head as it crowns. Two studies [ 62 ,  63 ] comparing massage 
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versus “hands off” or usual care showed that the risk of third- and fourth-degree 
tears was signifi cantly lower in the massage group, but the intervention did not 
increase the likelihood of an intact perineum and nor reduce the risk of pain and 
dyspareunia. Therefore, according to NICE guidance [ 41 ] perineal massage should 
not be performed in the second stage of labor.  

10.3.2.8     Episiotomy 
  Episiotomy  is the topic of another chapter of this book. However, regarding to peri-
neal trauma prevention, the recent review of Hunter [ 64 ] showed that restrictive use 
of episiotomy appears to give a reduced number of side effects compared with rou-
tine episiotomy. Women experienced less severe perineal trauma, especially poste-
rior perineal trauma, less suturing, but no difference in occurrence of pain, urinary 
or anal incontinence, and painful sex. Episiotomy should be performed if there is a 
clinical indication such as instrumental birth or suspected fetal compromise.  

10.3.2.9     Instrumental Delivery 
 Perineal trauma is more likely to occur with  forceps delivery , therefore, the Royal 
College of Obstetricians and Gynaecologists recommends that the vacuum extractor 
should be the instrument of choice for operative vaginal birth [ 65 ].  

10.3.2.10    Epidural Analgesia in Labor 
 Epidural has become an increasingly popular method of pain relief for women in 
labor. Evidence suggests that epidural or combined spinal-epidural (CSE) does 
effectively manage pain in labor, but may increase the rate of adverse effects. A 
Cochrane review on epidural versus non-epidural or no analgesia in labor [ 66 ], 
including 38 randomized controlled studies and involving 9,658 women, showed 
that  epidural analgesia  was associated with an increased risk of assisted vaginal 
birth, sutured perineal trauma, longer second stage of labor, and urinary retention. 
During pregnancy, women should be told about the benefi ts and potential adverse 
effects on themselves and their babies of the different methods of pain control and 
they should be let free to choose whatever pain management during labor.  

10.3.2.11    Continuous Support During Labor 
 There is some evidence of benefi t of continuous one-to-one intrapartum support from 
a midwife compared with usual care, in terms of reducing the rate of instrumental 
deliveries. However, the overall rates of perineal trauma were not reduced [ 1 ].   

10.3.3     Techniques to Reduce Perineal Trauma 
with Weaker Evidence 

10.3.3.1    Antenatal Pelvic Floor Muscle Training 
  Pelvic fl oor muscle training  (PFMT) is commonly recommended both during preg-
nancy and after the birth to prevent and treat incontinence [ 29 ], but the effect on 
perineal trauma is not known yet. In a large cohort study [ 67 ] PFMT in pregnancy 
was not associated with increased risk of perineal trauma.  
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10.3.3.2    Manual Rotation of the Fetal Head 
 During the fi rst stage of labor, 10–34 % of fetuses are in  occipito-posterior (OP) posi-
tion . Persistent OP can result in a longer second stage and is associated with an increased 
risk for surgical or instrumental birth [ 68 ] and severe perineal tears. Therefore, it is 
important to accurately diagnose fetal position and utilize interventions that encourage 
rotation to OA position. Usual care in the case of OP position is to wait spontaneous 
rotation to OA position. Manual rotation of the fetal head from OP to OA has been 
shown to be a successful intervention and can reduce the incidence of cesarean and 
vacuum-assisted births [ 69 ]. Evidence from the PEOPLE study suggests that delayed 
pushing when the fetus is OP may increase the chance for spontaneous vaginal birth 
without the need for rotational or instrumental intervention [ 52 ]. Specifi c maternal posi-
tions, such as kneeling on “hands and knees,” could facilitate the rotation from OP to 
OA position. World Health Organization encourages walking and changing of maternal 
position to promote spontaneous rotation of the fetal head in OA position during labor 
[ 70 ]. A Cochrane review [ 71 ] on the effects of “hands and knees” posture on fetal mal-
position (lateral or posterior) concluded that the adoption of this posture 10 min daily in 
late pregnancy has the short-term potential to change the fetal position and reduce lum-
bar pain, and that its use in labor was associated with reduced backache, but did not 
infl uence delivery outcomes and could be recommended as an intervention.    

10.4     Care and Assessment of Woman Immediately 
Following Birth  

 Systematic inspection of genital area is recommended to assess the extent of perineal 
trauma and structures involved. In addition, rectal examination should also be performed 
to evaluate whether any damage occurred to the external or internal anal sphincter. 

 The following basic principles should be observed when performing perineal 
repair [ 41 ]:

•     Severe trauma  should be repaired by an experienced practitioner under regional 
or general anesthesia. An indwelling catheter should be inserted for 24 h to pre-
vent urinary retention.  

•   Good anatomical alignment of the wound should be achieved and consideration 
given to the cosmetic results.  

•   Information should be given to the woman regarding the extent of the trauma, 
the method of repair, and the importance of pelvic-fl oor exercises for functional 
rehabilitation    

10.4.1     Suturing Methods and Materials 

 Relevant factors in the reduction of perineal trauma are suturing methods and mate-
rials. Traditionally, the vagina is stitched using a continuous locking stitch and the 
perineal muscles and skin are repaired using approximately three or four individual 
stitches, each needing to be knotted separately to prevent them from dislodging. For 
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more than 70 years the “continuous non-locking stitching method” has been pre-
ferred to “traditional interrupted methods.” A Cochrane systematic review [ 72 ] 
based on data from 16 randomized controlled trials involving 8,184 women, showed 
that continuous versus interrupted  suturing techniques  for perineal closure are asso-
ciated with less short-term pain, need for analgesia and suture removal. Rapidly 
absorbable synthetic sutures are less likely to be associated with the need to remove 
suture materials and rapidly absorbable polyglactin suture (Vicryl Rapide W) is the 
material of choice. Indeed, the NICE intrapartum guidelines [ 41 ] recommend the 
combined use of continuous suturing and rapidly absorbable synthetic materials. 

 Two particular conditions of perineal care in labor are those dealing with women 
with a history of  severe perineal trauma  or with infi bulated genital mutilation. 

 Women with a history of severe perineal trauma should be informed that their 
risk of repeat severe perineal trauma is not increased in a subsequent birth, com-
pared with women having their fi rst baby. However, to make an informed choice on 
the future mode of birth, the following issues should to be discussed:

•    Current urgency or incontinence symptoms  
•   The degree of previous trauma  
•   The risk of recurrence  
•   The success of previous repair  
•   The psychological effect of the previous trauma    

 Women with  infi bulated genital mutilation  should be informed on the risks of 
delay in the second stage and spontaneous laceration together with the need for an 
anterior episiotomy or defi bulation in labor.   

10.5     Perineal Care in Postpartum 

 Care and assessment of the woman immediately after birth includes both physical 
and psychological issues and the perineal care is only one aspect of routine  postna-
tal care  for women and their babies. The woman should be fully involved in plan-
ning the timing and the content of each postnatal care consultation. 

 Good communication between health care professionals and the woman is essen-
tial. It should be supported by provision of evidence-based information offered in a 
form that is tailored to the needs of the individual woman and the woman’s cultural 
practices should be taken into account. A distinction should be made between short- 
term postpartum perineal care and long-term perineal care which is of course a more 
articulated and complex condition. 

10.5.1     Short-Term Postpartum Care 

 Women should be advised about the importance of  perineal hygiene , including fre-
quent changing of sanitary pads, washing hands before and after doing it, and daily 
bathing or showering to keep their perineum clean. A special attention should be 
given to recovery of urinary and fecal functionality. If spontaneous  micturition  is 
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not achieved by 6 h after birth and measures to encourage micturition are not imme-
diately successful, bladder volume should be assessed and catheterization consid-
ered. Women who are constipated should have their diet and fl uid intake assessed 
and a gentle laxative may be recommended if dietary measures are not effective. 
Women with hemorrhoids should be advised to take dietary measures to avoid con-
stipation and should be offered management based on local treatment protocols. 
Early  postpartum  period is a valuable time for the prevention of PFD. 

 We suggest that before discharging a patient, a form should be fi lled out for each 
puerpera reporting every risk factor (personal or obstetric), like the one in Fig.  10.7 . 
We believe that  screening  in postpartum is an important step because it allows to 
identify women still asymptomatic, but susceptible of developing PFD.  

 At each postnatal visit the health care professional should assess the perineum if the 
woman complains about abnormalities of perineal healing process, including perineal 
pain, discomfort or stinging, offensive smell or dyspareunia. Women should be advised 
that topical cold therapy, for example, crushed ice or gel pads, are effective methods for 
perineal pain relief. If oral analgesia is required, paracetamol should be the drug of 
choice unless contraindicated. If cold therapy or paracetamol are not effective, a pre-
scription for oral or rectal non-steroidal anti-infl ammatory (NSAID) medication may be 
considered. Women should be asked about resumption of  sexual activity  and possible 
dyspareunia 2–6 weeks after the birth. A water-based lubricant gel may be advised to 
help ease discomfort during intercourse, particularly if a woman is breastfeeding [ 73 ].  

10.5.2     Long-Term Perineal Care 

 The fi rst evaluation for patients who had an eventful  puerperium  may be scheduled 
at 6 weeks and must include a complete medical history, physical examination and 
a careful assessment of the perineum with 2D  transperineal ultrasound  for the 
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UI onset: in pregnancy post-partum

AI onset: in pregnancy post-partum

2° 3° 4°
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  Fig. 10.7    “Postpartum” card        
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evaluation of urethral hypermobility and 3D transperineal or  transvaginal ultra-
sound  for the assessment of  urogenital hiatus  area and LA avulsion [ 33 – 35 ]. The 
main goals of this fi rst evaluation are prevention and treatment of symptomatic 
patients. 

  Prevention     High-risk patients (e.g., obese women or those with antenatal UI/AI, 
large babies, forceps delivery, LA avulsion, increased bladder neck mobility) [ 35 , 
 74 ] shall be offered rehabilitation programs which is currently the only valid instru-
ment to lower the development of PFD symptoms.  

  Treatment     Women with urinary or fecal incontinence should be assessed for 
severity, duration, and frequency of symptoms and treated with appropriate 
interventions.  

  PFMT in postnatal women  is the adequate therapy in case of persistent postpar-
tum urinary or anal incontinence and the recovery of a fully functional perineal struc-
ture requires the involvement of supplementary muscle-dependent mechanisms. 

 The training involves exercises that women ought to do several times a day to 
strengthen their pelvic fl oor muscles. They are usually taught by a health profes-
sional such as a physiotherapist. The  kinesitherapy  must be performed no later than 
6 weeks from delivery. It includes at least 12 sessions conducted by the same opera-
tor and in an appropriate environment. Fundamental is also the enhancement of 
patient compliance to home training. 

 A recent Cochrane review about the outcomes of PFMT [ 75 ] in 8,485 women 
(4,231 PFMT, 4,254 controls) with persistent UI 3 months after delivery concluded 
that patients receiving PFMT showed a 40 % reduction of UI at 12 months com-
pared to untreated patients. 

 Furthermore, women receiving PFMT after delivery exhibited an overall 50 % 
decrease in fecal incontinence compared the control group. 

 The treatment reveals more effective when the intervention is intensive. 
 However, there is not enough evidence to suggest that these effects last beyond 

the fi rst year. 
 The effi cacy of a training program is highly dependent on the women’s the adher-

ence to the program. Poor adherence to pelvic fl oor exercise regimens can act as an 
additional barrier to health professional intervention. In prevention and treatment one 
important part of the physiotherapist’s role is to motivate the patient to follow the 
pelvic fl oor muscle (PFM) training protocol. The acceptability of a training program 
also depends on the simplicity and time needed to perform the exercises.   

    Conclusions 

 This chapter reviewed perineal care interventions that may help to minimize 
perineal trauma. Preventing the  childbirth trauma  is likely to benefi t large num-
bers of women and it may also result in cost savings and improvement in quality 
of life. Defi ning the best approach for perineal care during pregnancy, delivery, 
and postpartum and to identify women who could benefit from a specific 
diagnostic, prophylactic, and therapeutic program to prevent and treat long-term 
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consequences is a complex task. Based on available evidence this goal could be 
achieved only through a stepwise model: fi rst, by tailored counseling on the basis 
of patient’s characteristics, obstetric history, and evaluation of  pelvic dysfunc-
tions  already present before and during pregnancy; secondly, by careful manage-
ment of second stage of labor; thirdly, through a systematic search for PFD 
during scheduled postpartum examinations. Thus health services for pregnant 
and postpartum women should include strategies to prevent and treat PFD, but 
presently most health care systems do not provide adequate care to these issues. 
Collaboration among gynecologists, midwifes, and physiotherapists ensures 
consistency across health professionals dealing with pregnant women and is 
mandatory to reach a high quality of care.     
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11.1            Epidemiology 

 Pelvic fl oor damage is a well-recognized consequence after childbirth, and a huge num-
ber of studies give interesting data regarding its epidemiology. A recent study of Glazener 
et al. collected data from 3,763 women 12 years after childbirth and found an objective 
prolapse in 24 % of women; they reported that a body mass index (BMI) over 25 and age 
over 25 years at fi rst delivery were associated with worse prolapse symptom score 
(POP-SS), and that in women over 30 years at their fi rst pregnancy there was a signifi cant 
association with the onset of prolapse [ 1 ]. Analyses about risks factors related with pro-
lapse surgery have been made: Women older than 30 years at fi rst vaginal delivery had an 
incidence of POP surgery of 13.8 %, while in younger women it was only 6.8 % [ 2 ]. 
Prolapse stage usually changes after delivery: Elenskaia et al. reported that 5 years after 
childbirth the stage of prolapse worsen after vaginal delivery but not after cesarean [ 3 ]. 
Other older studies reported that 50 % of parous women have some degrees of genital 
prolapse, with 10–20 % symptomatic [ 4 ]. Anyway a precise epidemiology about POP is 
not easily available, due to lack of a standard evaluation. Samuelsson et al. reported that 
about 44 % of parous women have some form of POP [ 5 ]. It is to notice that clinical 
prolapse evaluation is different from subjective prolapse perception with symptoms: In a 
study by Durnea et al. with 202 participants despite the high prevalence of POP on 
POP-Q examination, only 20 % of participants were symptomatic [ 6 ]. 
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 Like pelvic organ prolapse, urinary incontinence (UI) represents a frequent con-
dition after childbirth, and fear for it is a common reason for maternal demand for 
cesarean delivery, even if the latter is not free of consequences as regards the pelvic 
fl oor. The fi rst year after childbirth seems to be the cut off time for restoring a nor-
mal continence, a further recovery being considered diffi cult after that period [ 7 – 9 ]. 
Stress urinary incontinence (SUI) seems to be the most prevalent type of UI, with 
29.1–40.2 % of prevalence after vaginal delivery and 14.2–25.5 % after cesarean 
across 1 year [ 10 ]. Barbosa et al. after a cross-sectional study involving 220 women, 
reported a 2 years prevalence of UI following vaginal childbirth and cesarean sec-
tion of 17 % and 18.9 %, respectively [ 11 ]. Other studies, conducted on specifi c 
populations, reported similar rates of UI after 1 year [ 12 ,  13 ]. A recent systematic 
review found that remission of UI after 3 months has a rate up to 86.4 % [ 13 ].  

11.2     Risk Factors 

11.2.1     Maternal Age 

 Maternal age at fi rst pregnancy seems to correlate with pelvic fl oor dysfunctions. 
Leijonhufvud et al. in a cohort study found that incidence rates of POP surgery was 
13.8 % among women >30 years old and 6.4 % for younger women [ 2 ]. Groutz et al. 
stated that fi rst vaginal delivery at an older age carries an increased risk for postpar-
tum SUI, with a prevalence of 38.5 % for elderly primiparae (mean age 40) and 
9.8 % for young primiparae (mean age 26) [ 14 ]. Comparable results come from simi-
lar studies [ 15 ,  16 ]. A review published in 2011 concluded that advanced maternal 
age was an independent risk factor for UI postpartum [ 17 ]. In conclusion, young age 
at fi rst delivery seems to be a protective factor for developing pelvic fl oor disorders.  

11.2.2     Obesity 

 Gyhagen et al. investigated the prevalence of UI 20 years after childbirth in a big 
database; in this study maternal body mass index, calculated at early pregnancy, at 
delivery and 20 years after delivery, was categorized as normal (<25), overweight 
(>25–29), and obese (<30). In the logistic regression they found an 8 % increased risk 
of UI per BMI unit increase; the combined effect of vaginal delivery and BMI was 
substantial, with a risk of 24.7 % with BMI <25 and 54.8 % with BMI >30 [ 18 ]. 
Fornell et al. found that overweight and obesity were strongly associated with urinary 
incontinence, but not with symptoms of prolapse [ 19 ]. Actually there are not random-
ized clinical trials (RCTs) on weight and UI in association with pregnancy, but from 
about 20 cohort study we have consistent level 2 of evidence on this association [ 20 ].  

11.2.3     Biomechanics of Pelvic Floor and Risk Factors Related 

 Pelvic fl oor, which is made of both muscles and fasciae, has to sustain the load of 
abdomen. Hydrostatic load carried by pelvic fl oor is approximately 40 cm H 2 O; if 
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we consider that the average area of female pelvic fl oor is 94 cm 2 , we can estimate 
the load acting normally to the pelvic fl oor as 37 N (N) in quiet standing. This one 
reaches the value of 140 N during a maximum cough and about 90 N during com-
mon daily activity. The second stage of labor is particularly important because it 
lasts about 90 min with uterine contractions: These contractions, lasting about 
1 min every 3, develop a load of 54 N, which raises to 120 N during a volitional 
push. In the cases when obstetric forceps has to be used, the additional force can 
reach 200 N [ 21 ]. 

 It is important to know the mechanisms of damage to the pelvic fl oor. Up to now, 
two are the main hypotheses: neurological damage and stretch injury. Levator ani 
(LA) muscle, which represents the main supporting structure of the pelvic fl oor, is 
heavily separated from the mid-line and compressed toward the bone during vaginal 
delivery, so that a long-lasting stretching damage often follows. Even the attach-
ments of the muscle to the endopelvic fascia and to its connective supports can be 
impaired and disrupted. 

 A geometrical model proved that pubococcigeal muscle, the shortest and the 
most medial muscle of levator ani, is the most damaged one, reaching a stretch ratio 
of 3.26; muscles injuries occur mainly during the second stage of labor. Kuo-Cheng 
Lien et al. performed a study developing a computer model to establish the degree 
of pudendal injury: They found that nerves innervating the anal sphincter are 
stretched beyond the 15 % strain threshold, and the degree of perineal descent is 
shown to infl uence pudendal nerve strain [ 22 ]. A biomechanical model was devel-
oped to study the structures that, once impaired, can cause urogenital prolapse; in 
their study Chen et al. showed that the anterior vaginal wall is supported by cardinal 
and uterosacral ligaments in its upper portion, and by perineal membrane in its 
lower portion. Under a raised intra-abdominal pressure, the anterior vaginal wall is 
pushed against the posterior side, supported by the rectum and the levator ani mus-
cle. The biomechanical model showed that the heavier is the pubovisceral impair-
ment, the larger is the anterior wall prolapse, underlying the importance of laevator 
ani muscle integrity [ 23 ]. 

 A prolonged second stage labor is defi ned as the lack of continuing progress for 
3 h with regional anesthesia or 2 h without regional anesthesia, occurring in 11 % of 
nulliparous women [ 24 ,  25 ]. It can lead to a cesarean delivery or to an operative 
vaginal delivery (OVD), but randomized clinical trials comparing these techniques 
are lacking. A cohort study by Crane et al. reported that the mode of delivery does 
not impact pelvic fl oor function 1 year after delivery, except for bulge symptoms in 
OVD group [ 26 ]. Prolonged second stage was associated with third-degree or 
fourth-degree perineal lacerations [ 27 ]. Gilboa et al. proposed to evaluate the pubic 
arch angle by transperineal ultrasound during prolonged second stage to decide 
delivery mode [ 28 ]. 

 Perineal lacerations are strongly associated with pelvic fl oor damage; in their 
study Aytan et all showed that episiotomy is an independent predictors for certain 
POP-Q indices, but had no infl uence on overall POP-Q stage [ 29 ]; the role of medio- 
lateral episiotomy (MLE) seems to be contradictory: In their retrospective study 
involving 108 patients Cam et al. found that medio-lateral episiotomy seems to 
prevent central defects on the anterior vaginal wall, and in this sense it could be 
preferable to traditional median episiotomy [ 30 ]; Sartore et al. found that MLE does 
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not protect against urinary and anal incontinence and genital prolapse and is associ-
ated with a lower pelvic fl oor muscle strength compared with spontaneous perineal 
lacerations and with more dyspareunia and perineal pain [ 31 ].  

11.2.4     Fetus Related Factors 

 Two fetus characteristics have been studied in relation with pelvic organ damage: 
Fetus weight and fetus head circumference (HC). In their study Lavy et al. calcu-
lated cut-off values for risk of levator ani (LA) injury: The relative risk to develop 
LA trauma is doubled when the head circumference (HC) is ≥35 cm, and it increases 
to almost 3.5 when the HC is ≥35.5 cm [ 32 ]. Eftekhar et al. established that a fetal 
weight greater than 3,000 g can be considered a factor signifi cantly associated with 
postpartum SUI [ 33 ].  

11.2.5     Changes in Extracellular Matrix 

 The endopelvic fascia is essentially made of collagen and elastin. Pregnancy induces 
some changes in properties of the vaginal wall; Rahn et al. performed a study on 
biomechanical properties in mice: They showed augmented distensibility and 
decreased stiffness [ 34 ]. Some important studies performed in mice showed that 
there are two important proteins involved in prolapse pathogenesis: Fibulin-5 and 
metalloproteinase 9 (MMP9). Fibulin-5 is essential for the production of normal 
elastic fi bers; it is also important because inhibits the activation of MMP9, involved 
in prolapse pathogenesis [ 35 ]. In presence of stress, fi broblasts, which are mechano-
sensitive, are able to repair collagen damages, but they need the presence of hor-
mones: Their lack in post menopause could explain prolapse progression [ 36 ]. This 
fi nding is confi rmed by Goepel et al.: In their study, they analyzed the composition 
of arterial artery comparing 13 women with prolapse with 8 controls; they found 
that women with prolapse had weaker immunoreactivity to type VI collagen and 
elastin, and a stronger immunostaining for type III collagen: Particularly, their con-
clusion was that the changes in the extracellular matrix are only an effect and not the 
cause of POP [ 37 ].   

11.3     Consequences 

 In a recent work, De Lancey highlighted the need for prevention of pelvic fl oor 
dysfunctions, considering that reaching a goal of 25 % prevention could save about 
30,000 women from this pathology. Particularly he focused on saying that vaginal 
birth represents the major opportunity for prevention [ 38 ]. A spontaneous resolution 
without surgery is possible: regarding urinary incontinence, Wesnes et al. in a cohort 
study, found that for each kilogram of weight loss from delivery to 6 months post-
partum among women who were incontinent during pregnancy, the relative risk for 
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UI decreased 2.1 % [ 39 ]. Prevention seems to represent the best opportunity: in a 
recent review wesnes divided into grade of recommandation and level of evidence 
the things to do for avoiding UI during pregnancy, delivery and post-partum for 
primary prevention of PFD and as shown in Table  11.1  [ 20 ] Lavy et al. proposed a 
fl owchart to address to vaginal delivery or cesarean section according with risk fac-
tors, as shown in Table  11.2  [ 32 ]. Jelovsek proposed a nomogram to individuate 
women likely to develop postpartum UI and fecal incontinence, to facilitate deci-
sion making in their prevention [ 40 ]. Wilson et al. proposed a score system to pro-
vide future mothers about the risk of future pelvic fl oor dysfunction [ 41 ]. Concluding, 
prevention of risk factors seems to represent the best management to pelvic-organ 
prolapse and UI after childbirth: Many models have been proposed, but without 
reaching a great popularity and their application seems to lack in many centers in 
the developed world.

   Table 11.1    Recommendation for avoiding UI during pregnancy, delivery and post-partum   

 Grade of recommendation  Level of evidence 

  Actions before pregnancy  

 Stop smoking  B  2 

 Age (<35 at pregnancy)  A  2 

 Overweight reduction  A  2 

  Actions during pregnancy  

 Reducing constipation  B  2 

 Stop smoking  D  2, 3 

 Reducing caffeine  D  – 

 Crossed legs when coughing  D  – 

 Bladder training  D  – 

 Physical activity  B  1, 2 

 Pelvic fl oor muscle training  A  1 

 Restricted weight gain  D  2, 3 

 Perineal massage  D  – 

  Actions in association with delivery and postpartum  

 Pushing during second stage of labor  D  – 

 Avoid prolonged second stage of labor  D  2, 3 

 Restriction of epidural  D  – 

 Restrictive episiotomy  D  – 

 Avoid Sphincter tear  D  – 

 Delivery position  D  – 

 Restriction of vaginal delivery  D  – 

 Use of perineal warm packs  B  – 

 Cesarean section  D  1, 2, 3 

 Pelvic fl oor muscle training  A  1 

 Vaginal cones and electrical stimulation  D  – 

 Weight reduction (as prepregnancy in 6 months)  B  2 

 Reducing constipation  C  3 
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  12      Fecal Incontinence After Childbirth: 
Diagnostic and Clinical Aspects 

             Alvise     Frasson      and     Giuseppe     Dodi    

        A huge number of scientifi c papers highlight that many neuromuscular and soft tis-
sue injuries to the pelvic fl oor arise after vaginal childbirth, resulting in the develop-
ment of anal and urinary incontinence and pelvic organ prolapse. Focusing on the 
posterior compartment, the International Continence Society stated that “anal 
incontinence (AI) is the involuntary loss of fl atus, liquid or solid stool that is a social 
or hygienic problem.” 

 The reluctance of patients to admit the symptoms of AI, even when following 
childbirth, makes diffi cult to establish its true prevalence, which in the literature is 
reported of about 10–17 % [ 1 – 3 ] in general population, 5–26 % within the fi rst 
year after vaginal delivery and 17–62 % when women complain a major perineal 
trauma or have been delivered with forceps [ 4 ]. It is likely that this wide range can 
be linked to a misclassifi cation of the most important etiological factor of AI, when 
a damage to puboanalis and/or transverse perineii muscles is reported as a sphinc-
ter tear, or when there is a wrong identifi cation of the lesion: what could happen is 
presence of a huge edema or of an abundant blood loss after delivery. This inability 
to achieve a proper diagnose occurs in 87 % of midwives, 28 % of young doctors, 
14 % of physicians, compared to 1 % of experienced clinicians [ 5 ]. The above 
concept means that the lesion indicated as an occult defect of the sphincters, was 
just an undiagnosed or misclassifi ed tear that could have been correctly diagnosed 
with a proper training [ 2 ]. Furthermore, it is likely that the real percentage of occult 
tears is less than 1 %: on the contrary transanal ecography demonstrated that a 
damage of the sphincters can be found in 35 % of symptomatic primiparous women 
and 13 % of multiparous [ 6 ]. 
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 Potential risk factors for sphincter’s injury due to childbirth are fi rst vaginal deliv-
ery and multiparity, the use of forceps, episiotomy, a prolonged second stage of labor 
prolonged by anesthesia, birth weight, shoulder dystocia, and a persistent occipito-
posterior position, age, and obesity. Episiotomy may represent a specifi c iatrogenic 
damage to the sphincters, mostly when performed in the midline. The wide use of this 
procedure is not always considered benefi cial (see Chap.   10    ): thus international guide-
lines indicate to perform it in less than 30 % of patient and to carry out a mediolateral 
episiotomy to reduce the risk of anal sphincter rupture (12 % vs 2 %) [ 2 ,  4 ]. 

 Focusing on the macroscopic appearance of the damage to the sphincters, Sultan 
[ 7 ,  8 ] suggested that obstetric injuries resulting from the direct trauma lead to dif-
ferent degrees of damage as reported in Table  12.1  and in the Fig.  12.1 . A third- or 

   Table 12.1    Classifi cation of a macroscopic anal sphincters’ damage [ 7 ,  8 ]   

 First degree  laceration of the vaginal epithelium or perineal skin only 

 Second degree  involvement of the perineal muscles but not the anal sphincters 

 Third degree  disruption of the anal sphincter muscles. This should be further subdivided 
into: 

 3a: <50 % thickness of external anal sphincter torn 

 3b: >50 % thickness of external anal sphincter torn 

 3c: both external and internal anal sphincter 

 Fourth degree  Third degrees tear with disruption of the rectal mucosa or anal epithelium 

 An isolated rectal tear without involvement of the anal sphincter is rare and should not be 
included in the above classifi cation. 
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  Fig. 12.1    Representation of the anal sphincters and classifi cation of third or fourth perineal tears 
(Reproduced from Sultan [ 8 ])       
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fourth- degree sphincter’s damage  after childbirth is an almost certain sign and it is 
highly predictive of a future development of AI, but it is not often recognized at the 
time of delivery. Even if the direct trauma to the perineal tissue mostly causes a 
lesion of the sphincters, it may damage the nerves too, when the pudendal nerve at 
the Alcock’s canal or the pelvic branches of the sacral plexus are compressed by the 
fetal head during childbirth. The signs of the damage will be a delay in the conduc-
tion of the nerve, as shown by pudendal nerve terminal motor latency (PNTML) and 
histological evidence of denervation of the striated pelvic fl oor muscles. Even the 
stretching of nervous fi bers can temporarily cause symptoms of pudendal neuropa-
thy: recovery from symptoms and normalization of the PNTML in about 60 % of 
patients within 2 months are common. Histologically, if the lesion is reversible, an 
increase in sphincter fi bers density can be evidenced at about 2 months after deliv-
ery, as an expression of reinnervation following denervation. Potential risk factors 
for pudendal nerve damage are multiparity, forceps delivery, increased duration of 
the second stage of labor, third- or fourth-degree perineal tears and high birth 
weight. Apart from AI, if the neuropathy persists, it can cause weakness of the pel-
vic fl oor and its related symptomatology [ 2 ,  5 ].

    To note, even if the direct trauma to anal sphincter or nerves are known as the 
most important factor of AI, nevertheless the use of a cesarean delivery does not 
prevent from AI and its symptoms [ 2 ,  9 ,  10 ]. 

12.1     Diagnostic Steps 

 It is mandatory that physicians perform a full assessment of patients including med-
ical history, general physical examination and proctological examination, instru-
mental studies, with the aim of fully outline AI’s characteristics. 

12.1.1     Medical History 

 The history must not be focused only on AI, but rather to retrieve all patient’s medi-
cal informations concerning systemic disorders and co-morbidities as urinary 
incontinence, previous surgery (mainly on the posterior compartment and gyneco-
logical procedures), spinal injuries, parity, drugs, and lifestyle. Moreover, the patient 
should be questioned on bowel function and on bowel care including diet, fl uid 
intake and laxatives, and how these infl uence AI. Then, the symptoms experienced 
by the patient must be investigated and pointed out just like every kind of AI or 
other conditions which cause soiling (e.g., fi stulas, external hemorrhoids, anal, or 
low rectal tumors). If the patient describes an AI only for liquid stool, then a colonic 
cause of diarrhea should be excluded. If an AI is present, it must be differentiated as 
a fl atus incontinence, passive leakage, or urge incontinence (Table  12.2 ), never for-
getting that an overlapping between these conditions is always possible. Furthermore, 
the need of pads, duration, frequency and timing of AI’s episodes must be outlined. 
Hence, the severity of AI can be graduated as: (a) minor, if incontinence happens 
less than once a month; (b) moderate, if incontinence to solids happens more than 
once a month or to liquids more than once a week; (c) severe, when incontinence to 
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solids and/or liquids happens daily or several times a week. All these characteristics 
can be better classifi ed with grading systems as the  Wexner score system  (Table  12.3 ) 
or the  American Medical Systems (AMS) score  (Table  12.4 ), which allows to use an 
objective parameter to evaluate AI, to verify the response to therapy and to follow 
up its evolution.

   Table 12.2    Types of anal incontinence   

 Type  Description  Defect 

 Flatus incontinence  Incontinence of fl atus due to inability to differentiate gas 
from solid or liquid 

 Internal anal 
sphincter 

 Passive leakage  Involuntary soiling or discharge of liquid or solid stool 
without patient awareness 

 Internal anal 
sphincter 

 Urge incontinence  Inability to retain feces as long as needed to fi nd a toilet 
once the need to defecate is perceived 

 External anal 
sphincter 

   Table 12.3    The Wexner score [ 11 ]   

 Frequency 

 Type of incontinence  Never  Rarely  Sometimes  Usually  Always 

 Solid  0  1  2  3  4 

 Liquid  0  1  2  3  4 

 Gas  0  1  2  3  4 

 Wears pad  0  1  2  3  4 

 Lifestyle alteration  0  1  2  3  4 

  Never, 0; rarely, <1/month; sometimes, <1/week; ≥ 1/month; usually. <1/day, ≥1/week; always, 
≥1/day 
 0, perfect; 20, complete incontinence  

   Table 12.4    The American Medical Systems (AMS) score [ 12 ]   

 Over the past 4 weeks, how 
often:  Never  Rarely  Sometimes  Weekly  Daily 

 Several 
times daily 

 Did you experience accidental 
bowel leakage of gas? 

 0  1  7  13  19  25 

 Did you experience minor 
bowel soiling or seepage? 

 0  31  37  43  49  55 

 Did you experience signifi cant 
accidental bowel leakage of 
liquid stool? 

 0  61  73  85  97  109 

 Did you experience signifi cant 
accidental bowel leakage of 
solid stool? 

 0  67  79  91  103  115 

 Has this accidental leakage 
affected your lifestyle? 

 0  1  2  3  4  5 

  Several times daily, >1 episode a day; daily, 1 episode a day; weekly, 1 or more episodes a week 
but <1 a day; sometimes, >1 episode in the past 4 weeks but <1 a week; rarely, 1 episode in the past 
4 weeks; never, 0 episodes in the past 4 weeks  
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     Last but not least, it is of enormous relevance to question the patients, possibly 
with questionnaires such as the SF-36, on restrictions, quality of life, satisfaction, 
needs, sexual dysfunction, and on how AI infl uences them [ 1 – 3 ].  

12.1.2     Clinical Examination 

 The proctological examination should start from the inspection of the perineum and 
anus checking their integrity and looking for scar from previous surgery or episioto-
mies, absence of the perineal body, a keyhole deformity of the anus suggesting a 
sphincter defect, or just for irritation or excoriation of the skin due to soiling. 
Moreover, during the inspection one should ask the patient to strain in order to 
check the presence of a descending perineum or of mucosal, hemorrhoidal or full- 
thickness rectal prolapse. Then, the digital rectal examination verifi es the sphincter 
tone at rest (indicative of internal anal sphincter function), in contraction (indicative 
of external anal sphincter function) and during squeezing, the latter to check the 
function of the puborectalis muscle which with squeezing should push the examin-
er’s fi nger anteriorly. Asking the patient to cough will result in an external sphincter 
contraction, thus checking the anal sphincter refl ex. The rectal examination may 
show an asymmetry of the sphincter suggesting a regional defect. Finally, a proctos-
copy and a rectosigmoidoscopy with a rigid instrument must be done to complete 
the proctological visit.  

12.1.3     Instrumental Devices 

     (a)     Transanal ultrasonography : nowadays, depending on the grade of the sphincter 
lesions, the surgeon will chose different techniques to repair it. Hence, the use 
of transanal ultrasonography is necessary to study the muscle and its damage in 
order to plan the therapeutic program. This type of examination studies all the 
layers of the anorectal canal, obviously including the possible defects of the 
puborectalis muscle, levator ani muscle, internal and external sphincter. 
Concerning the sphincter defects Starck proposed the use of a useful score sys-
tem to classify the injuries, with values ranging from 0 (no muscular defect) to 
16 (defect >180° involving the whole length and depth of the muscle) 
(Table  12.5 ). The prevalence of symptoms of incontinence in primiparous 
women is reported being 5–26 % within the 1st year following vaginal delivery: 
with the use of endoanal ultrasound the percentage of damage of the sphincters 
is shown in up to 35 % of uniparous and 13 % of multiparous [ 1 ,  2 ,  6 ].

       (b)     Electromyography (EMG) : both single fi ber and concentric needle EMG studies 
the integrity of the external anal sphincter and how the contraction changes the 
electrical activity of the sphincter and of levator ani muscle. This technique has 
been used in the diagnostical setting for investigate AI’s etiology until the advent of 
ultrasound, which is a simpler procedure. Now the major indication for EMG is 
anismus and scientifi c speculations. (For anal sphincter surface EMG see Chap.   6    ).   
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   (c)     Pudendal nerve terminal motor latency (PNTML) : this technique studies the 
time to contraction due to a stimulation to the pudendal nerve. Although 
PNTML is often prolonged in patients with AI, its clinical value has been ques-
tioned because of the low predictive value, the poor sensitivity and specifi city 
in discriminating muscle and nerve injury, the poor correlation with symptoms. 
Thus up to now is less and less carried out [ 1 ,  2 ].   

   (d)     Anorectal   manometry : this exam allows a full investigation of sphincters’ func-
tion and rectal characteristics: (1) anal sphincter pressure, (2) rectal sensation: 
perception of fecal mass distending the rectal wall at the lowest volume that 
evocates the fi rst sensation of a mass (a), or at the volume at which there is the 
need to defecate (b), or at the maximum volume tolerated (c), (3) rectoanal 
refl exes: the rectoanal inhibitory refl ex – RAIR – is the inhibition of the internal 
anal sphincter tone with a distension of the rectum, (4) rectal compliance: adap-
tation of rectum to the incoming stool checking the different values at rest 
(showing the tonic function of both the internal and external anal sphincter), 
during voluntary contraction and during Valsalva or cough (external anal 
sphincter function). Patients with AI have a low resting pressure (defect of the 
internal anal sphincter), a low squeeze pressure and a low duration of squeezing 
time (external anal sphincter dysfunction → inability to suppress defecation). 
Moreover, an alteration of the rectal sensation may contribute to AI by a misun-
derstanding of the presence of stool and of the need to defecate. Urge AI could 
be linked to a decrease in rectal compliance which may cause an increased 
frequency of defecation and a rapid transit of stool through the rectum. While 
manometry looks as a promising technique, its clinical utility is limited by the 
low standardization of the procedure and the low sensitivity and specifi city in 
the discrimination of continent and incontinent patients [ 1 ,  2 ].   

   (e)     Balloon rectal test : a quick and simple test useful in outpatients is the balloon 
rectal test which allows to evidence the rectal sensitivity and compliance. A bal-
loon has to be placed in the rectum (Fig.  12.2 ) to mimic the presence of stool: its 
gradual infl ation with air or fl uid will allow to measure the volume of the follow-
ing items (Table  12.6 ): (1) fi rst sensation; (2) desire to defecate; (3) urgency to 
defecation; (4) pain. In incontinent patients values are lower than normal (rectal 
hypersensitivity). Higher values indicate a rectal hyposensitivity. 

   Table 12.5    Starck’s scoring system for the endoultrasonography classifi cation of sphincters’ 
injuries [ 23 ]   

 Defect characteristic  Score 0  Score 1  Score 2  Score 3 

  Internal sphincter defect  

 Length  None  Half or less  More than half  Whole 

 Depth  None  Partial  Total  – 

 Size  None  ≤90°  91–180°  >180° 

  External sphincter defect  

 Length  None  Half or less  More than half  Whole 

 Depth  None  Partial  Total  – 

 Size  None  ≤90°  91–180°  > 180° 
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       (f)     Solid sphere test  [ 13 – 15 ]: this is a quick and painless procedure to check rectal 
sensitivity on outpatients as a step preliminary to further investigation. A solid 
sphere is introduced into the anal canal and is attached to a digital dynamometer 
(Fig.  12.3 ) to quantify the resistance of the sphincters to the extraction of the 
sphere. First, the patient must contract the sphincter (voluntary contraction 
phase), then strain to eject it (ejection phase), fi nally at rest the sphere must be 
pulled out (baseline phase) (Table  12.7 ). This test allows to differentiate the 

  Fig. 12.2    Multi-Functional 
Anoscope (MFA – Sapi Med 
SPA): an anoscope addicted 
with a balloon that can be 
used to measure rectal 
sensitivity and compliance       

  Table 12.6    Values of the 
parameters checked with the 
infl ation of an endorectal 
balloon  

 Parameters  Normal value 

 First sensation  30–60 cc of air or fl uid 

 Defecatory desire volume  60–160 cc of air or fl uid 

 Maximum tolerable volume  160–270 cc of air or fl uid 

 Pain  >270 

  Fig. 12.3    Digital dynamometer PRAP2000 with solid disposable sphere (Sapi Med S.P.A.)       
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internal sphincter’s activity at rest from the external sphincter’s activity during 
contraction. Moreover, it is possible to highlight a paradoxical contraction or a 
failure of relaxation of the puborectalis muscle when the patient is asked to 
strain. All these parameters are easily checked on an outpatient basis being eas-
ily correlated with anorectal manometry, EMG and defecography data. 

       (g)     Artifi cial blue stool : the aim of this test is to check the patient’s ability to retain 
feces. This procedure can be done in outpatients by fi lling the rectum with a 
blue gel which mimics stool (Fig.  12.4 ). This gel is available in three different 
densities: high, medium, and low density. The exam is started with the high-
density gel. After fi lling the rectum with it the patient is asked to do some physi-
cal  activity and then checked for any incontinence: if negative, the patient 
undergoes a stress test with a small enema. If negative again, the patient will be 
checked with the medium density gel as described before and, if needed, with 
the low density one. The test is useful to compare the results after therapy.        

  Table 12.7    Normal value 
checked with the solid sphere 
test  

 Parameters  Normal value 

 Voluntary contraction  1,000–1,200 g 

 Baseline  200–400 g 

 Ejection  Ideally 0 g or anyway less than 
at baseline 

  Fig. 12.4    Artifi cial blue stool (ABS): from left to right the low, the medium and the high-density 
blue gel (Sapi Med S.P.A.)       
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12.2     Treatment 

 There are many options to cure fecal incontinence, the surgical treatment being 
reported to achieve better long-lasting results. Options other than surgery are the 
conservative medical therapy, behavioral therapy or training of the pelvic fl oor mus-
cles, neurosacral modulation. 

12.2.1     Medical Therapy, Pelvic Floor Muscle Therapy (PFMT), 
and Behavioral Therapy 

 A conservative treatment with drugs which increase stool consistency and prolong 
colonic transit time should be the fi rst line therapy as it could be effective in a dis-
crete number of patients [ 5 ]. Moreover other types of fi rst line treatments, associ-
ated or not to medical therapy, are the  PFMT  and behavioral therapy. Both achieve 
lower incontinence rates during pregnancy and at 1 year of follow-up while this 
result does not persist in the long-term, likely because of subsequent pregnancies or 
of the discontinuation of PFMT or biofeedback. Stimulating women to undergo 
PFMT and biofeedback during pregnancy and even after, it is essential to achieve 
long-term good results [ 4 ,  5 ,  16 ].  

12.2.2     Surgical Treatment 

 Sphincter’s repair is the main surgical treatment of AI as its damage represents the 
main cause of incontinence. An immediate repair of the sphincter’s defect per-
formed within 24 h from childbirth is to be preferred because it has been demon-
strated that it is associated with less risk of fecal urgency and better long-term 
results if compared to delayed sphincteroplasty [ 2 ,  17 ,  18 ]. The primary repair 
reduces bleeding, edema, and the likelihood of infection, which is in itself a cause 
of early failure. Gynecologists prefer the  end-to-end technique , general surgeon the 
overlapping procedure that can be performed only if the external sphincter has a 
full-thickness damage. Following Sultan’s paper in 1999 [ 19 ] that showed a better 
outcome with the  overlapping technique  [ 2 ,  5 ,  18 ,  20 ], other authors have compared 
the immediate end-to-end technique to the overlapping repair: the latter appears to 
deserve better results within 12 months, while at 36 months the difference between 
the techniques seems to decrease [ 16 ,  17 ]. 

 An exhaustive examination of the pelvic fl oor to clearly classify injuries and to 
repair damages to the vaginal mucosa and rectovaginal septum is mandatory before 
approaching the posterior compartment with a reconstructive surgery. Through a 
curved perineal incision anterior to the anus, the internal and external anal sphinc-
ters’ defects are addressed with the aim of recognizing and repairing separately the 
injury of the internal anal sphincter with interrupted 3–0 or 4–0 sutures in delayed 
absorbable monofi lament. The separated repair of the internal sphincter is prefera-
ble as it has been reported to reduce the risk of AI [ 5 ,  17 – 21 ]; otherwise the internal 
anal sphincter will be repaired in a single layer with the external one. The external 
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sphincter can be recognized as a striated muscle with retracted and fi brotic edges; 
they must be pulled one toward the other with two Allis clamp. If an end-to-end 
technique is performed the edges of the sphincter are approximated with interrupted 
sutures in delayed absorbable 2-0 monofi lament to allow an adequate consolidation 
of the scar. Otherwise, the overlapping technique requires a wide dissection, at least 
2 cm deep, of the two edges of the sphincter with scissors, in order to achieve an 
adequate surfacing area for the overlapping. Three interrupted stitches are needed to 
approximate the muscle’s edges, passing from the top of the superior fl ap through 
the sphincter down to its bottom and back, making the proximal end of the superior 
fl ap lying on the distal portion of the inferior one and vice versa (Fig.  12.5 ), always 
with an absorbable delayed monofi lament suture. Anyhow, in performing the end-
to- end technique or the overlapping one, the fi brotic edges of the sphincter should 
be included within the sutures.  

 The trauma induced by childbirth may also cause damage to perineal skin, vagi-
nal mucosa, perineal muscle, and anorectal mucosa too. Hence, apart from the ini-
tial repair of the mucosa and the subsequent sphincter’s reconstruction, an associated 
anterior levator ani plication may be required: it is performed through an incision 
posterior to the anus (postanal repair), suturing puborectalis and pubococcygeus 
muscles. The tears of the perineum are repaired layer by layer. At the end of the 
reconstructive phase an examination of the anorectum to exclude unrecognized 
injuries or an iatrogenic perforation of the anorectal mucosa is mandatory. 

 Whenever the sphincter’s defect is unrecognized at time of delivery or the pri-
mary repair has failed, a secondary sphincter repair can be performed at least 3 
months later. This procedure is usually performed by a colorectal surgeon with an 
overlapping technique. Generally at time of a secondary repair the internal sphincter 

  Fig. 12.5    Representation of 
the overlap technique (From 
Aigmuller et al. [ 21 ])       
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is not easily recognized and thus repaired in a single layer with the external sphinc-
ter. An isolated internal sphincter defect is not usually repaired. [ 5 ,  20 ] 

 Whether it is a primary or a secondary repair and even if the overlap technique 
has better results, guidelines and papers suggest that an end-to-end or an overlap 
procedure can be performed at discretion of each surgeon but with the recommenda-
tion that if possible the internal sphincter is repaired separately and that the surgeon 
or gynecologist is appropriately trained in these procedures [ 2 ,  17 ,  18 ,  20 ,  21 ]. 

 An early relapse of AI can be due to hematomas, wound infections, inappropriate 
experience of the physician, lack of a tension free repair or another unrecognized 
sphincter defect. 

 Whenever the sphincteroplasty does not improve AI or if the damage to the 
sphincter, perineum and nerves is too extensive, another feasible procedure is the 
creation of a neosphincter with a  dynamic graciloplasty . This technique requires the 
detachment of the distal two third of the gracilis muscle from the thigh and its trans-
position and rotation to surround the anus. Care must be taken to preserve its neuro-
vascular bundle where an electrical stimulator is placed to maintain a continuous 
contraction and thus continence. Hence, the defecation is obtained by turning off the 
stimulation. Improvement of continence has been reported in 60 to 85% of patients 
and persists up to 24 months in 66 % [ 5 ,  22 ]. 

 Another option to improve AI is the  neurosacral modulation . This procedure is 
a standardized technique to cure idiopathic AI and it has been demonstrated to 
improve incontinence even in women affected by complete rupture of the internal 
and external anal sphincter after childbirth. The improvement of AI seems to be 
quite similar to patient with an intact sphincter and to persist longer than any surgi-
cal repair of the sphincter. Thus, considering that this technique does not avoid a 
subsequent surgical reconstruction of the sphincters, that there is no possibility to 
damage the sphincters and the low morbidity of the procedure, is nowadays an 
option to be considered in the cure of postpartum incontinence [ 5 ,  22 ]. 

 In case of failure of all the above techniques and the patient complains of a bad 
quality of life, a fecal diversion may be performed [ 5 ,  22 ].      
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  13      Principles and Methods 
of Physiotherapy After Delivery 

             Simonetta     Minoli    

13.1            Introduction 

 According to a number of epidemiological studies, one of the most socially devas-
tating sequels of vaginal delivery is pelvic fl oor muscle’s damage [ 1 ]. It can cause 
pelvic organ prolapse with loss of bladder and bowel control, making life very hard 
to manage and painful: child-care, walking, sitting, sleeping, and human relation-
ships may become problematic [ 2 ,  3 ]. The conservative treatment is universally 
considered as the fi rst line intervention, and the British National Institute for Health 
and Clinical Excellence (NICE) with the International Continence Society (ICS) 
recommend it as the fi rst step [ 4 – 7 ]. As a matter of fact, a damaged pelvic fl oor can 
be improved through re-education exercises [ 9 ], and after them, approximately 
65 % of women will improve, with 30–50 % ending up to surgery [ 8 ,  10 ,  11 ]. 

 Principles of physiotherapy include a combination of different approaches:

•    To teach how to overcome diffi culties in movement using a combination of edu-
cational methods  

•   To stimulate sensory and motor pathways by encouraging normal movement pat-
terns in order to normalize or restore the muscle and regain the motor control  

•   To improve muscle strength, endurance, and function through task-specifi c treat-
ments, and restore normal motor function    

 All of the above points are intended to improve short- and long-term motivation 
and adherence to the health-enhancing behavior.  
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13.2     The Physiology 

 The pelvic fl oor is an interrelated system of organs, muscles, nerves, and connective 
tissue working synergistically as a dynamic system in balanced tension: its denervation, 
and the consequent muscle dysfunctions, can result in loss of the pelvic support organ, 
which can be followed by genital prolapse and urinary and/or fecal incontinence. 

 In order to plan the re-education program, the pelvic fl oor dysfunction should be 
analyzed on three levels of scientifi c background. 

13.2.1     Motor Control 

 The central governance of the bladder provides a good example of the interplay 
network between the cortical motor system, the autonomic, and the somatic nervous 
system with the modulatory effects of the pudendal nerve. The functional magnetic 
resonance can identify the cerebral zones where bladder fi lling and voiding are reg-
ulated: reductions in the activation of the insula, of the right frontal operculum and 
of the anterior cingulate cortex suggest that treatment with EMG – biofeedback or 
pelvic fl oor muscle training (PFMT) or contraction-exercises [ 12 – 13 ] can change 
the emotional behavior related to micturition. The central nervous system coordi-
nates and controls all the structures involved in opening and closing of urethra and 
anus as a switch mechanism. The anterior portion of the pubococcygeus muscle is a 
precise motor sensitive feedback zone that controls the tension in the vaginal mem-
brane. Proportionate tensions are essential to maintain continence at rest because 
motor units of pelvic fl oor muscles are continuously activated (except during void-
ing or defecation), and their action increases with bladder or bowel activation. 
Defects, such as urinary stress incontinence and pelvic organ prolapse, have been 
associated with EMG alterations that may represent either loss of motor units or 
failure of central activation [ 14 ]. Recently, signs of dysfunction in the neural control 
(such as changes in the activation patterns) have been reported between the pubo-
coccygeus [ 15 ], the levator ani, and the urethral sphincter [ 16 ]. 

 Every sensory information from the pelvic region is relevant for the neural motor 
control of the pelvic fl oor muscles (PFM) and for the decision to activate the motor 
pattern. Lesions of fi bers innervating the external anal sphincter are frequent 
(2–19 %) during childbirth and are caused either by spontaneous laceration or by 
episiotomy and can cause reduction in the contraction of the pubovisceral portion of 
the levator ani and in the external anal sphincter [ 17 ,  18 ].  

13.2.2     Postural Balance 

 Posture is the result of multiple and complex processes that involve all the parts of 
the body and its relationship with the environment. The interactions among the dif-
ferent anatomic districts occur at different levels and are infl uenced by different 
starting conditions; alterations of imbalances produce a structural and physiological 
re-organization of the anatomic structures in order to improve the dynamic posture. 
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A good posture requires an orchestrate recruitment of the muscles of the whole 
system, which is limited by respiratory, pelvic, diaphragmatic, abdominal, and mul-
tifi dus muscles. The peritoneum and perineum support comes from their connection 
to the pelvis and to the endopelvic fascia which is a unique network of connective 
tissue able to strength the muscle and its tendon insertions and to accommodate the 
viscera’s cohabitation. It is well established that transversus abdominis plays a cru-
cial role in optimal function of the lumbopelvic region; fascial tension is thought as 
the mechanism by which this muscle contributes to intersegmental and intrapelvic 
stiffness. Diastasis rectus abdominis (DRA) has the potential to disrupt this mecha-
nism and is a common post-delivery occurrence [ 19 ].  

13.2.3     Sphincter Capacity 

 Incontinence disorders, caused by pudendal nerve injuries, involve the urethral 
hypermotility, its external sphincter, the mucosal sealing effect, and the striated 
muscle activity. Urethra has three normal positions: resting closure, closure during 
effort and opening during micturition; and each state is the result of muscles forces 
whose contraction is required to open or close the sphincter. There are three direc-
tional muscle forces zone : upper  (pubococcygeus and elevator plate) that stretches 
the organs forward or backward,  middle  (longitudinal muscle of the anus) which 
closes the bladder neck during effort and opens it during micturition and  lower  
(perineal membrane) for stabilization of the distal parts of the urethra. Muscle’s 
slow-twitch fi bers maintain the urethral closure during effort, while the fast-twitch 
fi bers are recruited to close the system further. After vaginal delivery, changes occur 
in muscle function: the urethral reaction, the simultaneous passive transmission of 
the abdominal pressure to the urethra and the “guarding refl ex” are compromised 
and that is critical; furthermore, coughing increases the pelvic fl oor muscle’s activ-
ity and induces an important decrease of the bladder neck’s mobility, with its stabi-
lization. “Squeezing” of the pelvic diaphragm is a movement explained only by the 
voluntary contraction of the puborectalis muscle and this is radically different from 
what is observed during coughing and straining. Levator ani, puborectalis, and anal 
sphincter muscles provide the majority of control for anal continence and they are 
constantly active. The puborectalis muscle works independently of the three direc-
tional forces, maintains the “anorectal” angle, facilitates continence, and has to be 
relaxed to allow defecation.   

13.3     Clinical Pictures 

 Disorders that can be treated by physiotherapy:

•     Sensory–motor disorders or neuroaprassia is  the reduction of the sensitive per-
ception and of the muscle activation (often on one side) due to the surface dam-
age of the pudendal S2–S4 roots; alterations of muscle’s morphology and 
asymmetric contractions can also be observed.  
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•    Micturition dysfunction  is generally related to laxity of the external urethral liga-
ment and to disorders of the low urinary tract (LUT). These symptoms can be 
stress or urge incontinence, when coughing, straining, or even at rest; they can 
also be associated with altered emptying, voiding hesitancy, interrupted stream, 
raised residual urine volume, nicturia, and discomfort.  

•    Postural disorders  are sensory–motor changes in pelvic, spinal, and respiratory 
functions related to biomechanical problems of the sacral and lumbar spine and 
of the muscle’s area innervated by the S2–S4 roots. Trunk fl exion, upper limb 
asymmetric or obturator internus, psoas, and piriformis shortening can be 
observed. Some muscles of the pelvic girdle may compensate for limitations of 
the pelvic fl oor in neutralizing the intra-abdominal pressure rises, by stiffening 
the sacroiliac joint, allowing backward rotation of the sacrum, and stabilizing the 
spine. Example of maladaptive movement patterns and poor stabilizing may be 
seen as abdominal bulging and breathing holding; excessive internal/external 
oblique activation with posterior pelvic tilt and fl exor thoracolumbar attitude, 
excessive erector spinae activation with anterior pelvic tilt and thoracolumbar 
extension.  

•    Anorectal dysfunction  is the inability to evacuate or to contain the rectal contents. 
It can be due to reduction of muscle thickness, loss of innervations, and motor 
disorders (of the levator plate, the longitudinal muscles, the anus, the puborecta-
lis muscles, and the external anal sphincter).  

•    Pelvic and perineal pain,  is due to laxity of the uterosacral ligaments and/or to 
spasm of the obturator muscle. It is a condition marked by dragging abdominal 
pain (often on one side), low sacral backache, aching or cramping pain in the 
vaginal and rectal area or in the coccyx and in the tailbone; symptoms can often 
be triggered or exacerbated by sitting, defecation, or by other motor activities 
stretching the pelvic fl oor. These symptoms are more frequent in case of dysto-
cia or macrosomia. This picture, in the absence of neurological disease, is 
defi ned as overactive pelvic fl oor (OAPF) and is characterized by ischemic 
mucosa, sustained muscles contraction and forceful closure of the urethral 
sphincter.  

•    Pudendal neuralgia  is defi ned as a neuropathic pain in one or more of the areas 
innervated by the pudendal nerve or by one of its branches: rectum, anus, ure-
thra, perineum and the genital area (clitoris, mons pubis, vulva, lower third of the 
vagina, and labia). 

•  Typically, the perineal discomfort can evolve in chronic pelvic pain (CPP) which 
is not modifi ed by standing or lying down, and can be exacerbated by sitting and 
is associated with sciatica and low back pain.  

•    Sexual dysfunction  is lack of orgasm or feeling of “strange sensation” or loss of 
sexual desire. This condition is characterized by excessive activity of pubovis-
ceral muscles that cause pain; the muscles become taut, short, and spasmodic 
with a modifi ed activation pattern. These symptoms are often associated with the 
OAPF (overactive pelvic fl oor).     
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13.4     Rehabilitation Treatment 

 The rehabilitation course can develop a variety of interventions:

    1.    At fi rst, program evaluates the pelvic fl oor situation (active straight, articular, 
 neural, and visceral system tests), promotes continence, selects the correct aids, 
controls pain, and takes care of the perineal muscles. Some women will benefi t 
simply from learning how to control their muscles; others will need an individual-
ized approach, particularly if in the fi rst assessment severe injuries of the pelvic 
fl oor has been observed. Rehabilitation program should assess the patients for 
posture, strength, fl exibility, balance as well as for any other musculoskeletal 
structure involved. For women with incontinence of urine, stool, or fl atus, the 
 re-education program should be individually tailored. Key components of success 
include motivational strategies, to prevent embarrassment and information about 
anatomy, physiology, and dysfunction of the pelvic fl oor and of the lower tract 
urinary [ 20 ]. Before beginning the treatment, it is advisable to have a detailed 
bladder and bowel diary [ 21 ] to lead behavioral interventions and lifestyle changes. 
The diary must provide information on type of voiding dysfunction, bowel habit, 
fl uid intake, time and volume of micturition, time of each incontinent episode, and 
circumstances or reasons for dribbling urine. The bladder retraining is a form of 
behavioral therapy and its aim is to help regain the bladder control by increasing 
its capacity and thereby reducing the symptoms. Keeping a record of a frequency/
volume chart, and urine volume/liquid intake plays a central role in bladder train-
ing, because the patient is asked to increase the intervals between voiding, which 
results in a gradual increase in bladder capacity, and the diary is used to monitor 
the treatment success. The addition of pelvic fl oor therapeutic exercises is benefi -
cial. Re-education program goes on with an accurate transvaginal assessment of 
pelvic fl oor muscle zone, to determine abnormalities, overactivity or underactiv-
ity, lack of coordination, reduction of sensitivity, tenderness, and pain or hyperal-
gesia. This later is a common symptom that can be treated with interventions such 
as support garments, clothing considerations for abdominal support, review use of 
heat/ice or diatermia, transcutaneous electrical nerve stimulation (TENS), and 
kinesiotaping applications for abdominal wall weakness. The pelvic fl oor motor 
function such as the resting tone, the contraction strength, the refl ex response to 
cough or to Valsalva maneuver can be altered. The PERFECT scheme (pressure, 
endurance, repetitions, every contraction time) and a dynamic evaluation (on 
standing position, at rest, and during exercise) can be helpful. The examination of 
the puborectalis and the external anal sphincter can be performed in left lateral 
position, at rest, and during squeezing.   

   2.    The re-education process starts with the therapeutic exercises. Their rational is 
to re-program a coordinated behavior pattern consisting of the following:
•    Coordination between the PFMs and the external urethral sphincter (SUE) 

relaxation at the start of voiding and during the bladder empting.  
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•   A good PFM function during episodes of detrusor overactivity.  
•   A voluntary contraction of PFM to hit the target: high bladder compliance 

versus micturition control.  
•   A voluntary activation able to control a maximally fi lled bladder or liquid 

stool-fi lled rectal ampulla during additional physical stress, coughing, sneez-
ing, deep breathing, walking, and so on.    

 At the beginning of the program we often have to stimulate voluntary 
contractions because patients may have different, ineffi cient responses as 
“fasciculation” or slow activation or weak asymmetric contractions or “no 
response at all.” 

 In the last case, we can use neuromuscular facilitation (stretch refl ex), 
augmented proprioceptive sensory inputs, and motor control exercises, 
 performed in lying position. We can also electrically stimulate the large 
diameter nerves supplying the pelvic fl oor and the urethral striated muscles 
and that induces skeletal muscles training, remodels smooth muscle and 
 connective tissues and modulates bladder, bowel and sexual function [ 22 ]. 
The depolarization of the pudendal nerve also generates a refl ex response 
with the inhibition of the overactive sphincter: re-organization, re-coordi-
nation and awareness of the lower urinary tract are the effects. In case of 
“overactive bladder,” muscle electrical stimulation (EMS) rebalances the 
descending excitatory information by artifi cially activating bladder-inhibi-
tors refl ex. This strategy is adjunctive to voluntary exercise and to anticho-
linergic drugs in increasing the strength of a weak PFM, reducing voiding 
frequency, and increasing the voided volume. Way of application, stimula-
tion site, electrical parameters, protocol, and equipment characteristics can 
be adapted to the single clinical case. Another common motor learning 
strategy, used to train patients to improve the control of the muscle recruit-
ment, is the biofeedback technique. This process can be performed with 
different strategies such as EMG/mmHg catheter, probe surface monitor-
ing, perineal and abdominal ultrasound, vaginal retention sensation, and 
cystourethroscopy.   

   3.    When the pelvic fl oor muscle assessment is equal to 2 (Perfect scheme), exer-
cises goes on with a training program that must satisfy three principles: overload 
(applied to strength, endurance, and function/technique), specifi city (exercise’s 
objective/functional task) and reversibility (loss of hypertrophy). In the 1st 
week, the strength increase is mediated by the neuromuscular adaptations to 
conditioning. Training starts with exercises of low-level control, on lying posi-
tion and with empty bladder, and then continues with progressive fi lling, to per-
form several maximum contractions of shorter duration, with a minimal rest 
period, to realize the fast-twitch fi bers’ recruitment [ 23 ,  24 ]. The physiothera-
pist can help the patient to improve the bladder control, at fi rst voiding desire, 
teaching how to activate muscles to suppress detrusor contractions: stop, stay 
still, squeeze PFM quickly three to fi ve times (repeat as needed), wait, take deep 
breaths, and so on. For this cognitive process [ 25 ], any form of feedback seems 
an appropriate learning strategy: manual examination can be used during 
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dynamic functions such as during exercising, lying, and standing. Only when 
the pelvic fl oor muscle assessment is equal to 3 (Perfect scheme), the use of 
vaginal cones exercise [ 26 ] can be better, on standing, walking, or on treadmill. 
Biofeedback technique assisted during pelvic fl oor exercising can be used. 

 The physiotherapist can help the patient in changing the motor pattern’s 
recruitment and assist her to modify physical activities during daily bladder 
monitoring. The training must identify the motor activities that seem to trigger 
incontinence and realize motor coordination during change in posture. On sit-
ting position, for example, the patient can learn how to balance unsupported 
sitting postures where greater pelvic fl oor muscle activity [ 27 ] is required. The 
control of the sphincter, on standing position, and of the puborectalis (PR) mus-
cle activity during intra-abdominal pressure increase (as cough or sneeze or 
deep breath) is important because the increase of the closure pressure is differ-
ently transmitted to the urethral length. Such voluntary motor control can be 
realized with postural alignment and exercises that balance and stabilize the 
trunk, the spine, and the upper limbs; later also by walking and running. It is 
recommended to wait until the patient is continent before starting water aerobic 
fi tness works. 

 The aim of this education program is to learn the “habit to control” during the 
everyday life; such a skill is possible only by regeneration and new planning of 
the motor and neuronal pathways.   

   4.     Anorectal exercise training 
 Many patients after vaginal delivery need to be helped also for problems related 
to bowel disorders, evacuations diffi culties [ 28 ] or anal incontinence [ 29 ]. In 
clinical practice, it makes sense to combine anterior and posterior perineal zone 
approaches in re-training program to maximize benefi ts. Patients can benefi t 
from education on physiological bowel management, evacuation training, cor-
rect posture, breathing, pushing, muscle relaxing with defecation, avoiding laxa-
tives, observing a proper diet, assuming fl uids and practicing physical activity. It 
is worth noting that therapeutic exercises, postural adjustments, and some proce-
dures (as feedback) can improve the muscle control on external anal sphincter 
(EAS) and PR recruitment. In case of  anal sphincter overactivity,  abnormal 
increase tension, and muscle retraction, the treatment includes a coccyx’s mobi-
lization, muscle stretching of EAS and PR, and postural control exercises to 
relax, or EMS with analgesia parameters to control pain. On  paradoxical con-
traction  during defecation, exercise can teach how to control the altered activa-
tion pattern between SAE and PR muscles. In case of dissociated activation 
pattern, manometry, or EMG anal probe or surface electrodes biofeedback are 
used to enhance the rectal sensitivity to distension. In the gastroenterology set-
ting, “biofeedback” is often quoted as the management of fi rst choice for  anal 
incontinence  [ 30 ,  31 ] because it can improve the closure pressure dependent to 
alter recruitment of the EAS. When there is low muscle activity, it has been 
 postulated that electrical stimulation may increase muscle hypertrophy and neu-
roplastic changes and increase the representation of the anorectum. In case of 
anal incontinence, using a rectal balloon, the patient can learn how to resist to the 
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urge to defecate by squeezing the anal sphincter in order to resist to the drop of 
the anal pressure that follows the rectal distension (the rectoanal inhibitor refl ex). 

 When pelvic fl oor disorders do not respond to physiotherapy, surgical inter-
vention or sacral nerve stimulation can be suggested but there are insuffi cient 
reliable data to make a positive recommendation for one technique over another. 

 Physiotherapists have to be guided by the patient’s choices and characteristics 
and the treatment should address all factors that may interact with the pelvic 
fl oor muscle disorders. Much remains to be learnt about pelvic fl oor disorders. It 
is hoped that progresses in understanding the underlying mechanism will lead to 
further advances in organ-specifi c therapy.         
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  14      Surgery for Urinary Incontinence 
and Prolapse Shortly After Childbirth 

             Luisa     Ricci   

14.1            Prolapse Surgery After Pregnancy 

 Onset of pelvic organ prolapse (POP) in postpartum period is a well-noted disease 
among young women. Pregnancy itself, hormonal modifi cation during gestation 
and baby passage through the birth canal determine a mechanical distortion that 
damages connective tissues, vessels, nerves, and muscular structures [ 1 ,  2 ]. 
Morbidity of pelvic organ prolapse has an impact on social, psychological, and 
sexual well-being. 

 Modifi cation in pelvic organ support may be permanent or transitory. Generally, 
women are examined 6–8 weeks postpartum: during that time the reproductive tract, 
as well as the whole body, is believed to return to the original aspect. Chen et al. [ 3 ] 
demonstrated that the process of reconstruction is not completed until 1-year post-
partum: Connective tissues and pelvic fl oor contractility takes up to 6 months to 
recovery after parturition. 

 Stage II prolapse is a common fi nding in postpartum women, with a prevalence 
of about 50 % 6 weeks after birth, and of 30 % 6 months postpartum, as well as in 
those presenting for general gynecological care [ 4 ]. Although the defi nition of ana-
tomic prolapse has been defi ned by the National Institutes of Health [ 5 ] as descent 
of stage I or greater, perhaps the defi nition of “normal” should be reconsidered. The 
threshold at which pathology occurs, what is defi ned as symptomatic prolapse, and 
the optimal time of intervention, still remains unclear. There are no guidelines about 
the management of patients with vaginal prolapse immediately after pregnancy. 
Symptomatic women, which need surgical approach, are a little percentage of the 
total. Only symptomatic patients with POP-Q > stage 2 are candidate to the operat-
ing theater. There is no clear difference between surgery after childbirth or in older 
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ages, but especially in younger women, when surgery is necessary, a careful coun-
selling is mandatory. Great part of people think that a surgical reconstruction of 
genital prolapse will restore completely not only the pelvic fl oor anatomy, but also 
the pelvic function. As a result of a surgical procedure, patients must be informed 
about effect of scarring, fi brosis, weakened or reduced elasticity of the vaginal wall 
as well as impaired nerve function [ 6 ,  7 ]. 

 The fi rst question is about the best surgical approach. If the anatomical defect is in 
the anterior compartment (cystocele) or in the posterior one (rectocele), vaginal route 
is the better choice. More than 80 % of surgical repair involves anterior vaginal wall, 
with recurrence rate, following traditional native tissues repair, which varies from 30 
to 60 %. Implementation in surgical techniques, with a proper dissection of the pubo-
vesico-cervical fascia or a site-specifi c repair, and a close knowledge about the patho-
physiology of POP, lead to a better anatomical result and to an improvement in quality 
of life. Those consideration reinforce the concept that native tissue repair is the fi rst 
choice in young women. If rectocele is present, an accurate evaluation of rectal func-
tion must precede any surgical approach: bowel symptoms or diffi cult defecation 
leads patient to use manual pressure to defecate. Wexner’s Continence Grading Scale, 
transanal ultrasound and manometry are unavoidable in correct evaluation of this 
vaginal segment. Good anatomical and subjective cure rates are reached with poste-
rior colporrhaphy and site-specifi c repair. There is no place for mesh augmentation 
because of high rate of dyspareunia, exposure, and worsening of bowel function. 

 After FDA pronunciation in 2011 [ 8 ], transvaginal mesh repair is not indicated 
in young women and in fi rst surgery. Mesh insertion results in higher rates of 
adverse effect including mesh exposure, buttock and pelvic pain or discomfort, and 
de novo incontinence. Women must be informed about risk of recurrence both in the 
same compartment such as in the unrepaired site, because of a variation in the vagi-
nal axis. In spite of an improvement in anatomic outcome, the reoperation rate is 
increased in comparison with a native tissues repair [ 9 ]. 

 Symptomatic hysterocele needs a detailed evaluation to reveal cases of cervical 
elongation. In this group of patients, if patients desire a uterine-sparing procedure, 
a sacrospinous hysteropexy would not give a good anatomical result. Manchester 
procedure [ 10 ] is a practice specifi cally performed in patients with symptomatic 
genital prolapse in combination with cervical elongation. Women must be informed 
about elevated risk of cervical incompetence or cervical stenosis leading to mechan-
ical dysmenorrhea, secondary infertility, or hematometra. In well-selected cases, 
Manchester procedure restores good apical support and vaginal length and main-
tains the physiological vaginal axis. 

 In premenopausal women, who have completed their family program, vaginal 
hysterectomy is the fi rst choice: This procedure, added to a plication of uterosacral 
ligaments, represents an effi cient treatment for symptomatic POP, and has been 
demonstrated to be less invasive in terms of hospital stay, blood loss, and return to 
daily activity [ 11 – 13 ]. 

 For women who have not completed their family, or longing for uterine sparing 
surgery, sacrospinous cervicocolpopexy must be considered. Menstrual disorders, 
uterine or cervical pathology, and endometrial hyperplasia are absolute or relative 

L. Ricci



167

contraindication to this procedure. In 1989, Richardson et al. [ 14 ] reported a case 
series of fi ve women with utero-vaginal prolapse, age between 24 and 31 years, 
 having a transvaginal sacrospinous hysteropexy. No recurrences were observed dur-
ing a follow-up period of 6–24 month. SSH is a safe and effective alternative to 
hysterectomy in treating uterovaginal prolapse. SSH in associated with shorter 
operation time, less blood loss, shorter hospitalization, and earlier recovery and 
return to daily activities [ 15 ,  16 ].  

14.2     Sexual Function and Pain After POP Surgery 

 Pelvic organ prolapse has a negative impact on sexual function: Vaginal bulging, 
pelvic pain, diminished sensibility are the most frequently reported issues [ 17 ]. Up 
to 64 % of sexually active women with POP suffer from sexual dysfunction [ 18 ]. 
Physicians are often inadequately trained to approach this problem, so it remains 
underestimated. Anne-Marie Roos et al. [ 19 ] demonstrated that both urinary incon-
tinence (UI) and POP affect the sexual life of women. All stages of sexual excite-
ment are affected by the fear for coital incontinence. Instead women with POP have 
a worse genital image than women who have never been diagnosed with prolapse. 
Zielinskj et al. [ 20 ] have shown that genital body image and sexual health are 
related, especially in the light of sexual satisfaction and desire. The most referred 
topics, affecting sexual satisfaction, are decreasing sexual desire, less lubrication, 
dyspareunia, fear of urinary or anal incontinence (especially gas incontinence). 

 In literature, there are few studies about sexual function after POP surgery and 
cases evaluated are not enough to have statistical signifi cance. Women who had 
POP surgery with native tissues generally report improvement in sexual function for 
cessation of incontinence and sexual function. Pelvic pain and dyspareunia after 
prolapse repair are often multifactorial in nature, with vaginal shortening and nar-
rowing, ipoestrogenism, and dryness playing a signifi cant role [ 21 ]. It is also well 
accepted that the rate of dyspareunia, especially after a posterior compartment sur-
gery, may approach 40 %. Lower vaginal wall sensibility is associated with vaginal 
POP surgery and/or suburetral sling procedure, but does not correlate with vaginal 
dryness and anorgasmia. Low rates of post-surgical sexual symptoms might be due 
to an improvement of the patients’ confi dence and body image because of correc-
tion of the anatomical defect and cure of the associated symptoms such as urinary 
incontinence and bulging. Diminished sexual function after surgery can be the result 
of scarring, fi brosis, short or narrow vagina, contracted pelvic fl oor, weakened or 
reduced elasticity of the vagina as well as impaired nerve function [ 22 – 24 ].  

14.3     Pregnancy and Birth After POP Surgery 

 Looking to the literature we can fi nd a great number of uterine-sparing repairs, but 
very little is published about subsequent pregnancy, way of birth, and long-term 
follow-up [ 25 ,  26 ]. 
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 When a systematic review about pregnancy after prolapse surgery is performed, 
it is possible to fi nd only few case reports and case series. There is no information 
available regarding the incidence of childbirth following pelvic procedures and no 
data about incidence of repeated POP surgery following delivery. Too little is known 
for a complete counselling about safety of pregnancy and mode of delivery after 
such surgery and the impact of further pregnancy on the outcome of the original 
procedure. Case reports generally suggest a scheduled cesarean section as the pre-
ferred mode of delivery after Prolapse surgery. In case of transvaginal sling instead 
little more data are available [ 27 – 29 ]. In case series vaginal delivery is referred as 
safe, and no higher recurrence is demonstrated. Anyway a second sling placement 
is considered safer than a scheduled cesarean section. 

 Given the relative rarity of pregnancy following any pelvic fl oor repair proce-
dure, it is diffi cult to formulate any recommendation and studies are limited because 
of small numbers and their retrospective nature.  

14.4     Incontinence Surgery After Pregnancy 

 Urinary incontinence affects about 25 % of women, and stress incontinence is the 
most common type, with a prevalence of 50 % [ 30 ]. Pregnancy is an important risk 
factor for urinary incontinence: the onset of urinary incontinence during pregnancy 
is a negative prognostic factor for persistence in the postpartum period and later in 
life. About 20 % of pregnant women reports urge incontinence, but the most com-
mon type of urinary symptom during pregnancy is stress urinary incontinence, with 
a prevalence of about 40 % [ 31 ]. Since pelvic support may be disrupted during 
pregnancy and after delivery, most physicians recommend delaying surgery until 
women have completed their family planning. Conservative therapy and pelvic 
muscle rehabilitation is the fi rst line treatment [ 32 – 34 ], while surgical correction is 
indicated when conservative treatment fails and it commonly consists in transobtu-
rator sling or single incision slings. Low complication rate and good rates of success 
associated with such procedures give reason of increasing number of women requir-
ing surgical resolution of stress incontinence, also in younger ages [ 35 ]. Although a 
number of reports in the literature describe pregnancy successfully completed by 
vaginal delivery and cesarean section, there is no consensus about the preferred 
mode of delivery [ 27 ,  36 ]. Pregnancy itself represent a risk factor for recurrence of 
stress incontinence in women treated with suburetral sling, because of level of pro-
gestogen, increase of uterine size and weight applied on the suspensory structures. 
In many studies rate of recurrence after vaginal delivery is reported to be higher than 
after cesarean section, but no statistical signifi cance is achieved. If stress inconti-
nence does not recur during pregnancy, a vaginal delivery is safe and does not 
increase the risk of severe or permanent stress incontinence [ 28 ,  29 ]. In case of 
recurrence surgical options are bulking agents or a second sling procedure.     
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  15      A Practical Approach to Pelvic Floor 
Dysfunctions After Childbirth: 
Diagnostic and Therapeutic Flowcharts 

             Antonella     Biroli   

15.1            What Pelvic Floor Dysfunctions After Childbirth 
Should Be Considered? 

 Pregnancy and childbirth are well-known risk factors for pelvic dysfunction. Great 
attention was paid in the later years to urinary incontinence, as many women report this 
distressing condition in the fi rst year after delivery. So, many studies were published in 
the attempt of correlating urinary incontinence with risk factors either inherent mater-
nal or fetal or delivery factors. Despite its frequency, urinary incontinence is not the 
only possible unwished consequence of delivery. Other dysfunctions can affect women, 
but they are often less investigated by professionals and reported by women. Minor 
prevalence, or greater shame in complaining of these other symptoms, and moreover 
no knowledge about available treatment could account for this disparity of approach. 

  Urinary incontinence  (UI) is reported by 10–38 % of women after delivery [ 1 , 
 2 ], affecting 21 % of women during the 3 months postpartum according to an Italian 
study [ 3 ]. It is commonly accepted on the basis of data from literature and from 
clinical experience that prevalence decreases along the fi rst year after delivery, but 
some longitudinal studies within the fi rst year postpartum show small changes in 
prevalence over time [ 2 ,  4 ]. Stress incontinence is the most reported complaint, but 
urge or mixed incontinence are common too [ 1 ]. 

  Anal incontinence  (AI) is not an uncommon symptom in postpartum mothers, 
even more distressing than urinary incontinence. Women sometimes deem UI 
“a normal consequence of delivery,” at least in the fi rst year after delivery, but AI is 
never considered “normal.” The reported prevalence of AI during postpartum varies 
markedly depending on the defi nitions of incontinence (anal or fecal), the 
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evaluation tools, the elapsed time from delivery. Fecal incontinence affects 3–10 % 
of women after delivery and it seems to be less frequent at 1 year than in the fi rst 
6 months after delivery. Flatus incontinence is even more common, being reported 
by 6–49 % of women [ 1 ,  5 – 7 ]. Moreover, many women complain of distressing 
fecal urgency even if not really incontinent. 

  Pelvic organ prolapse  (POP) can occur as a consequence of hormonal and 
mechanical changes during pregnancy and damage of pelvic fl oor connective and 
muscular supportive structures at delivery. Unfortunately, most studies evaluating 
the pelvic fl oor focus on the impact of delivery on urinary or anal incontinence with 
less attention to pelvic fl oor support. Unlike urinary incontinence, its diagnosis is 
problematic: there are often discrepancies between the “objective” measurement of 
descent of the vaginal walls or apex and prolapse symptoms [ 8 ]. Nevertheless, the 
few available data show that prolapse affects 83–100 % of women 5–22 weeks after 
delivery, being POPQ stage II at the examination in 35–52 % [ 9 ,  10 ]. After delivery 
the likelihood of fi nding a POPQ stage II prolapse declines during the fi rst year 
postpartum [ 11 ], being 31 % at 6–12 months after delivery [ 12 ]. 

  Dyspareunia  after childbirth is probably related to mechanical, hormonal, and 
psychosexual factors but there is limited knowledge about it. According to the few 
studies that investigated dyspareunia during postpartum, it seems to be very com-
mon, affecting 17–44 % of the women at 6 months and 8–33 % of women at 
12 months postpartum and being severe in one-third of them [ 13 – 15 ]. No link was 
found between dyspareunia and pelvic fl oor function (tone and strength) but we have 
no data about the link with other fi ndings (e.g., scars, trigger points, vaginismus, and 
perineal stretching pain) that could account for a physical therapy approach. 

 Changes occur in  pelvic fl oor muscles  after delivery. Using magnetic resonance it 
is possible to show changes in muscle signal intensities, thickness, urogenital and 
levator hiatus areas, and perineal body position, and data suggest that connective tis-
sue and pelvic fl oor muscle contractility can take up to 6 months to recover after par-
turition [ 16 ]. The muscle strength of the pelvic fl oor is reduced after vaginal birth but 
seems to return to the antepartum value 6–10 weeks postpartum in most women [ 17 ].  

15.2     Are Treatments for Pelvic Floor Dysfunctions 
After Child Birth Available and Effective? 

 Conservative treatment, consisting of lifestyle interventions and rehabilitation, is a 
well-established approach for pelvic fl oor dysfunctions in general population. 

 To date the great majority of studies concerns urinary incontinence and there is 
consistent level I evidence, grade A recommendation, that pelvic fl oor muscle train-
ing is effective in the treatment of female urinary incontinence [ 18 ]. Nevertheless, a 
rehabilitative approach has also been proposed for treatment of POP, anal inconti-
nence, pain, and dyspareunia. 

 Compared to urinary incontinence, studies about rehabilitation in pelvic fl oor 
dysfunctions other than urinary incontinence are fewer; nevertheless, several ran-
domized controlled trials have shown that pelvic fl oor muscle training is effective in 
improving POP symptoms and/or severity in middle-aged women [ 19 ,  20 ]. A sys-
tematic review concluded that there is level 1, grade A evidence to recommend 
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PFMT in treatment of POP. One RCT found also that PFMT signifi cantly improved 
PFM strength and thickness and narrowed the hiatus area in women with POP [ 19 ]. 

 According to a recent review, rehabilitation could also be an effective treatment 
for fecal incontinence but despite the great number of studies in this fi eld, in most 
cases they are uncontrolled trials or low-quality RCTs [ 18 ]. Moreover, biofeedback 
is widely used in the treatment of anal incontinence, so most studies concern the 
effi cacy of rehabilitation when employing manometric biofeedback. The review con-
cludes that pelvic fl oor muscle exercise is recommended as an early intervention in 
the treatment of fecal incontinence on the basis of low cost and morbidity, although 
there is little evidence of effi cacy, and the add of biofeedback is recommended in 
case of inadequate relief of symptoms, given the numerous positive outcomes from 
uncontrolled trials (grade B recommendation). A Cochrane review concludes that 
there is only a suggestion for biofeedback and sphincter exercise effectiveness [ 21 ]. 

 Evidences for effectiveness of rehabilitation in dyspareunia are poor. A few stud-
ies investigated the role of physical therapy in order to reduce pelvic fl oor hyperto-
nia and vaginismus in vulvar pain syndromes causing dyspareunia, showing pain 
reduction in 50–70 % of women [ 22 – 24 ]. There is a need to conduct further RCTs 
to determinate whether physical therapy can be effective in dyspareunia. 

 Data about effectiveness of rehabilitation in pelvic fl oor dysfunction, so far reported, 
refer to general population. By now, there is a relevant number of studies which investi-
gated the effectiveness of pelvic fl oor muscle training also in the specifi c population of 
pregnant and postpartum women, but almost exclusively looking at urinary incontinence. 
Moreover, pelvic fl oor muscle training was used as a preventive, therapeutic or mixed 
approach to incontinence, either during pregnancy or the postpartum period depending 
on the study, so data have to be examined in depth in this specifi c population. 

 A recent review on pregnancy- and postpartum-related pelvic fl oor disorders 
states that there is some evidence that, for women having their fi rst baby, PFMT 
during pregnancy is effective in reducing incontinence up to 6 months after delivery, 
however this effect does not seem to persist after 1 year (preventive approach, pro-
viding PFMT to all continent women) [ 25 ]. More interesting, there is good evidence 
that PFMT is an appropriate treatment for women with persistent postpartum uri-
nary incontinence (treatment approach, providing PFMT to incontinent women). 
The effect of a mixed prevention or treatment approach, providing PFMT to all 
women, continent or not, is less clear [ 26 ]. 

 PFMT could have a long-term effect, as reported by Dumoulin, who showed 
benefi ts of physiotherapy for postpartum urinary incontinence still present 7 years 
after treatment [ 27 ], but this is not certain as other studies could not demonstrate 
any persistent effect of PFMT at 12 years [ 28 ]. 

 Otherwise, evidence of PFMT effectiveness in the postpartum period in case of 
fecal incontinence is currently insuffi cient [ 25 ], although Glazener demonstrated a 
lower prevalence of FI in women after three sessions of training in PFMT after 
childbirth, showing a benefi t that was not maintained at 12 years. Likewise, there 
are no data about PFMT in the treatment of pelvic organ prolapse, as the few studies 
(that could not demonstrate an advantage in providing PFMT) used a mixed 
approach to all women in the postpartum [ 29 ]. 

 Another important key point in providing PFMT is the quality of intervention, as 
type of exercise, frequency, intensity and duration of training make the difference. 
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Training protocols can address from one to many follow-up sessions, which can be 
individual or group ones. Home training is currently associated with follow up by 
professionals, consisting of a different number of contractions/day.  

15.3     What Are the Approaches to Pelvic Floor Dysfunctions 
After Childbirth? 

 A model for pelvic dysfunction care in pregnancy and postpartum should take into 
account on the one hand evidences for effectiveness of PFMT in this specifi c popu-
lation, when available, otherwise in general population, and on the other hand sus-
tainability by the National Health Service. 

 Strategies to deliver PFMT to women during pregnancy and in the postpartum 
period can vary from providing PFMT to all women, either symptomatic or not, as 
a preventive approach, to providing it only to symptomatic women as a specifi c 
treatment measure. 

 The fi rst approach is probably not optimal while considering cost–benefi t and sus-
tainability of PFMT. A Cochrane review [ 25 ] states that “there is some evidence that 
for women having their fi rst baby, PFMT can prevent urinary incontinence up to 
6 months after delivery” but the cost of such an intervention in all primiparous women 
and the possible lack of long-term benefi t discourage from this type of approach. 

 In fact, even the 5th International Consultation on Incontinence states: “it 
should be considered the cost–benefi t of population-based approaches to health 
professional taught postpartum PFMT to all postpartum women regardless of 
their status” [ 18 ]. 

 On the contrary the same Cochrane review concludes that there is support for the 
widespread recommendation that PFMT is an appropriate treatment for women with 
persistent postpartum urinary incontinence and that it is possible that the effects of 
PFMT might be greater with targeted approaches and in certain groups of women. 

 The identifi cation of selection criteria for PFMT during pregnancy and after deliv-
ery is therefore a key point when developing a model of pelvic fl oor dysfunction care. 

 To this end the Italian Society of Urodynamics, continence, neurourology, and 
pelvic fl oor (SIUD) has developed a recording tool named “ SIUD postpartum pelvic 
dysfunctions card ” (SIUD PPD CARD) in order to provide a standardized evalua-
tion system for epidemiological studies and to select women who could need con-
servative treatment in the postpartum period [ 30 ]. 

 The SIUD PPD CARD moves from the idea that two different approaches in 
selecting women to refer to PFMT after delivery can be considered:

•    A  risk factors approach : selecting at hospital discharge women considered at 
risk of developing pelvic dysfunctions  

•   A  signs of damage approach : selecting women who still have symptoms or signs 
of pelvic dysfunction at follow up in the postpartum period    

 The “ risk factor approach”  is used in more than one birth center, but it is not 
clear what risk factors are really to be considered, so selection criteria are not homo-
geneous. In the attempt to provide more uniformity to this approach a standardized 
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tool (called “Perineal card”) was developed in Italy, consisting of a checklist of risk 
factors resulting in a fi nal risk score. On the basis of that score, women were 
addressed or not to a PFMT [ 31 ]. 

 The risk factor approach has the advantage to provide to the birth center a simple 
way to select women who need more attention, due to an increased risk of develop-
ing pelvic fl oor dysfunctions. An analogous approach was proposed in a previous 
study by Chiarelli, even if this work took in account only two risk factors, forceps 
delivery or a vaginal delivery of a large baby >4,000 g [ 32 ]. 

 Unfortunately, although some risk factors have been identifi ed as signifi cantly 
associated with the occurrence of pelvic fl oor trauma, at present there is no agree-
ment about the combination and weight of factors that can infl uence the outcome in 
terms of urinary incontinence, prolapse, anal incontinence, pain and dyspareunia. 
The risk factors approach could imply missing women affected by pelvic dysfunc-
tions who initially were considered at low risk and overtreating women considered 
at risk but with no pelvic dysfunctions. So this could be not the best way of selecting 
the group of women that most need a PFMT. 

 At the opposite, the “ signs of damage approach,”  adopted in other experiences as in 
the “Mothers without incontinence” Project, sponsored in 2003 by the Piedmont health 
authority [ 6 ], focuses attention on women who really have developed one or more dys-
functions as urinary or anal incontinence, prolapse, pain and dyspareunia. In this case 
the selection criteria were based on the presence at 2-month postpartum consultation of 
at least one among fi ve symptoms or signs: urinary incontinence (if still persistent after 
30 days after delivery), anal incontinence (if still persistent after 1 week after delivery); 
more than mild pain or dyspareunia still reported at the time of consultation; POP ≥2nd 
degree and perineal testing at digital palpations <2 in a 0–4 scale (AIPDA testing) [ 33 ]. 

 The  signs of damage approach  has the advantage of selecting women who actu-
ally “have” pelvic fl oor dysfunction, narrowing patients’ number in order to better 
address specifi c treatment resources. Moreover, it is quite common that women 
have their fi rst postpartum consultation by a gynecologist who is not related to the 
delivery center. In this case, due to a lack of information about pregnancy and deliv-
ery risk factors, a “signs of damage approach” often represents the only way to deal 
with the problem. 

15.3.1     The SIUD PPD Card 

 The aim of the Italian Society of Urodynamics Postpartum Pelvic Dysfunctions Card 
(SIUD PPD CARD) is to provide to all professionals a standard instrument to collect 
data for both kinds of approach: the  Risk Factor  and the S igns of damage  approach. 
While the fi rst one simply needs to collect data concerning pregnancy and delivery, 
the second approach is a little bit more complex, dealing with different anatomical 
compartments and functions. The guiding principles that led the birth of this tool 
were simplicity and, whenever possible, adoption of already validated instruments, 
in order to supply an instrument at the same time complete, valid and easy to use. 

 The result is a  “SIUD postpartum pelvic dysfunctions card”  composed of two 
different sections: a “Delivery Card,” collecting obstetrical data and potential  risk 
factors  and a  “Postpartum screening card”  collecting the  signs of damage .  
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15.3.2     Delivery Card (Appendix  A.1 ) 

 The  Delivery Card  includes the most signifi cant obstetrical data and potential risk 
factors beside mother demographical data. It also takes into consideration urinary 
retention (if persistent 24 h after delivery) and preexisting or during pregnancy pel-
vic functional disorders. 

 This tool is intended to be completed by the clinical staff at the time of discharge 
from the birth center. Therefore, it should be available for the fi rst puerperal 
consultation.  

15.3.3     Postpartum Screening Card (Appendix  A.2 ) 

 The “postpartum screening card” is intended to record the presence of pelvic dys-
functions after delivery. The card is composed of fi ve sections: urinary inconti-
nence, anal incontinence, pelvic organ prolapse, pain and dyspareunia and pelvic 
fl oor muscle dysfunction. Based on validated existing instruments every section 
includes a quantifi cation system to provide an outcome measure for observational or 
interventional approaches. For each considered dysfunction an assessment tool is 
included in the card as follows:

    1.    Urinary incontinence: the ICI-q SF [ 8 ].   
   2.    Anal incontinence: the so-called Wexner incontinence score [ 9 ].   
   3.    Pelvic organ prolapse: POP-Q simplifi ed staging system [ 10 ].   
   4.    Pain and dyspareunia: visual analog system (VAS).   
   5.    Pelvic fl oor muscle dysfunction: the Oxford modifi ed grading system [ 11 ].     

 The card can be used as a simple recording tool but the Authors have also arbi-
trarily established a cut-off for every section (see Appendix  A.2 ) that can be used as 
a selection parameter for management (counseling, lifestyle interventions, or reha-
bilitation according to the condition). In other words, when at least in one section 
the values exceed the cut-off, the woman is considered worthwhile of attention. In 
this way a population that need an intervention can be selected and have care for 
pelvic dysfunctions. 

 This tool is intended to be completed by the clinical staff at postpartum 
consultation. 

 Considering epidemiology, PFMT effectiveness and fi nally the insuffi cient pub-
lic and professional awareness and availability of sanitary resources for manage-
ment of pelvic dysfunctions, there is a need of more attention for the postpartum 
pelvic dysfunction problem. The SIUD PPD CARD is a standardized assessment 
tool that combines obstetrical data and signs and symptoms of pelvic fl oor dysfunc-
tion in the postpartum period. Providing a standardized evaluation and establishing 
criteria for selecting women who need care is a way to improve in future the man-
agement of women affected by postpartum pelvic dysfunction.       
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       Summary: Selection Criteria for Management 

 Dysfunction  Evaluation tool  Cut off 

 UI  ICI q SF  >1 

 AI  Wexner score  >1 if solid or liquid 
 and/or >2 if gas 

 POP  Simplifi ed POP q staging  > or = 2 

 Pain/dyspareunia  VAS  If it is a problem for the woman 

 Pelvic fl oor  Oxford score  < or = 2 
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  16      Clinical Cases 

             Arianna     Bortolami    

16.1             Introduction 

 The presence of symptoms related to pelvic fl oor dysfunction after delivery can 
result in a serious impairment of quality of life [ 1 ,  2 ] in a time in which, on the 
contrary, the woman, the couple and the family could enjoy a great happiness. 
Among these problems, the most frequently reported are bladder storage symptoms, 
such as urinary incontinence, and pelvic organ prolapse; while anal incontinence 
and/or faecal incontinence or dyspareunia are more rarely reported, we can suspect 
that the percentage of the latter two may be higher. In some cases, these symptoms 
undergo a spontaneous remission, whereas in other cases they remain with no or 
little change. The solution for these conditions may involve both conservative thera-
pies, and drugs or surgical managements, depending on the condition. Evaluation 
and consideration of scientifi c evidences enable the appropriate management of 
these patients. It is also remarkable to emphasize the importance of health profes-
sionals who must help women to reveal these conditions, that are often hidden, and 
to promote care, also in relationship to long-term consequences.  

16.2     Case 1: Silvia, Urinary Incontinence 

     1.     Symptoms and complaints reported  
 Silvia, 38 years, complains of urinary incontinence. She reveals that this symp-
tom had already occurred after the fi rst vaginal childbirth 3 years before, but had 
regressed spontaneously after about 1 month. It has come back during the second 
pregnancy; she gave birth 4 months earlier. The symptom occurred mainly  during 
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sport activities, especially in the gym that the patient has begun recently, but that 
she stopped in frustration due to incontinence. The symptom occurs sometimes 
during coughing, sneezing and laughing. The patient is very worried, also for the 
desire of a third pregnancy.   

   2.     History 
•    Use of pads: daytime use, little size, 1/day  
•   Nocturia: 1/2 vv/night. Absent during previous pregnancies  
•   Pregnancies and births: two vaginal physiologic deliveries, the fi rst 3 years 

before, with episiotomy, the second 4 months before  
•   Regular menstrual cycle since 3 months  
•   kg 62, mt 1.7,1 BMI 21.20  
•   No other pathologies  
•   No use of drugs  
•   No surgery      

   3.     Physical examination  
 No signifi cant urethral hypermobility. No signs of pelvic organ prolapse. The 
levator muscle contraction is present. Negative stress test.   

   4.     Instrumental diagnostics  
 URODYNAMIC INVESTIGATIONS 

 Cystomanometry: Parameters of bladder storage are characterized by normal sen-
sitivity, compliance and capacity (450 ml). Stable detrusor. Involuntary loss of urine 
with provocative manoeuvres (cough, hops) at 400 cc. Emptying the bladder with 
detrusor use of the catheter. Non-signifi cant post-voiding residual (about 30 cc.).   

   5.     Presumptive diagnosis : Stress urinary incontinence   
   6.     Treatment  

 The patient is directed to conservative treatment, specifi cally pelvic fl oor physi-
cal therapy and rehabilitation [ 3 ]. 

 PELVIC FLOOR PHYSICAL THERAPY AND REHABILITATION:
    A.     Functional Assessment  

 In addition to the above, the following points are highlighted:
•    Urinary loss in drops, sensitivity refers to the loss  
•   Evolution of the onset of the disorder: worse  
•   Relationship to other situations than those reported during urinary loss: none  
•   Voiding frequency: every 1/2 h. Before pregnancies, the frequency was 

every 3/4 h  
•   Use of preventive urination for about 4/5 vv / day  
•   Reported “stop urine stream” performed several times at the suggestion, 

but stopped for failure in the execution  
•   Hydration: 1.5 l reported  
•   No urinary urgency  
•   No symptoms related to bladder emptying phase  
•   No cystitis  
•   No anal or faecal incontinence  
•   Reported occasional constipation (straining >5′)      
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   B.      Physical Examination  
 B1. VISUAL INSPECTION: Normally closed labia, length of the tendinous 
centre of the perineum 3 cm, intacted skin and mucous membranes and nor-
mal in colour and trophism. No evidence of anatomical changes. At the 
request of the voluntary contraction of the pelvic fl oor, the patient is able to 
perform it, even in the presence of biomechanical compensation to the ham-
string and gluteal muscles. Negative stress test. 

 B2. MANUAL ASSESSMENT: Normal tone and trophism of the levator 
ani muscle. Parameters muscle bundles of the levator to the request for vol-
untary contraction (classifi cation ICS / IUGA 2010) [ 4 ,  5 ]: weak force, weak 
tightness, normal fatigue, complete relaxation. At the request of straining, 
there is a good muscle relaxation. During cough, weak refl ex contraction of 
the levator ani. 

 B3. PAPER ASSESSMENT 
 BLADDER DIARY: Administered for 5 days, including weekend. Daily 

frequency: 13. Night frequency: 1.5. Urgency: absent. Max voided volume: 
200 ml. Hydration: 1,500 ml 

 TEST AND QUESTIONNAIRES: 
 King’s Health Questionnaire: 59 
 ICIQ-SF: 3/2/4; IQOL: 88.   

   C.     Planning  [ 6 ]: 
  Therapeutic Goals:  Improve muscle strength parameter, especially in rela-
tionship to refl ex contraction during rises in intra-abdominal pressure [ 7 ]; in 
this way add sport activity in the absence of urinary leakage. 

  Techniques and Tools:  Pelvic fl oor muscles therapeutic exercise, bio- 
feedback (if necessary), bladder training, functional electrical stimulation, 
self-home training, behavioural therapy.   

   D.     Intervention:  
 After awareness for pelvic fl oor, the importance of not urinating in a preven-
tive way is immediately highlighted; the importance of avoiding straining 
during defecation is also stressed. After one session, the patient performs the 
selective contraction of pelvic fl oor muscles. Subsequently, muscle strength 
is emphasized and is used functional electrical stimulation, which the patient 
performs daily at home for about 2 months. At about 40 days from the begin-
ning of the physical and rehabilitation therapy, the “knack” is learned, to be 
performed whenever the symptom occurs.   

   E.     Evaluation:  
 After three sessions, the patient begins to report improvements. Then, after a 
short interval, she improves again to reach the condition of total dry; she 
needs to use “the knack”.       

   7.     Results : At the end of the pelvic fl oor physical therapy and rehabilitation, the 
patient is referred to a situation without involuntary loss of urine. 
 King’s Health Questionnaire: 23 

 ICIQ-SF: 0,5/2/0; IQOL: 94   

16 Clinical Cases



188

   8.     Follow-Up  
 Six months after the end of pelvic fl oor physical therapy and rehabilitation, the 
results are maintained using the “knack” during signifi cant increase in intra- 
abdominal pressure [ 8 ]. The patient is satisfi ed with the results. 

 King’s Health Questionnaire: 25 
 ICIQ-SF: 0,5/2/0; IQOL: 93      

16.3     Case 2: Margherita, Dyspareunia 

     1.     Symptoms and complaints reported  
 Margherita, age 32, had a vaginal birth 6 months before (a male fetus weighing 
3,200 kg), during which a third-degree laceration occurred. After 1 month, she 
tried to restore sexual activity, but with pain. Then she rarely tried again, but 
always having to stop the attempts of penetration due to severe pain and burning. 
For 2 months, she suspended every attempt. She declares that this symptom is 
becoming a serious personal and couple problem, and that it is worsening irre-
mediably this period of her life, which was expected to be rather wonderful. She 
also reports that she was referred to another specialist, who suggested to wait for 
spontaneous recovery.   

   2.     History  
 No pain or other problems during sexual activity during the time before birth 
are reported, and this function is referred to as quite satisfactory. Regular cycle, 
now absent for breastfeeding. She does not report sense of weight, or vaginal 
and/or anal protrusion. Urinary incontinence or other symptoms related to 
bladder emptying are not present. No presence of symptoms related to the 
phase of bladder fi lling. Symptoms of abnormal rectal fi lling or empting not 
reported..   

   3.     Physical examination  
 Episiotomy at the left side, normal skin, reddened mucosa, especially in the 
lower portion of the vagina. At the request of voluntary muscle contraction, 
absence of recruitment of pelvic fl oor muscles. 

 Swab test positive between 5 and 7, VAS 8/10. The introduction of the exam-
iner’s fi nger, while tolerated, causes a burning sensation. Increased muscle tone 
at the left branch of the levator ani, normal on the right; hypotonus on both sides, 
particularly on the right. Absence of the request for voluntary contraction; at the 
request of straining, there is a partial relaxation of levator muscle.   

   4.     Diagnosis : Dyspareunia and vulvar vestibulitis after delivery [ 9 – 12 ].   
   5.     Treatment : Physiotherapy and pelvic fl oor rehabilitation are recommended [ 13 –

 15 ]. Use of topical anti-infl ammatory may be useful. 
 PELVIC FLOOR PHYSICAL THERAPY AND REHABILITATION:
    A.     Functional Assessment  

 The previous history is confi rmed.   
   B.     Physical Examination  

 In addition to the above, these points are highlighted:
•    Important compensation with activation of the abdominal wall during the 

attempted voluntary contraction  
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•   At the request of straining, there is the levator ani partial relaxation.    
 B3. PAPER ASSESSMENT 
 FSFI: 23 [ 16 ] 
 Mc Gill Pain Questionnaire: The pain appears like a needle hole, is sharp 

as a razor blade and propagates burning and torturing. 
 VAS 10 during the penetration attempts.   

   C.     Planning  
  Therapeutic Goals:  Reduce pain and burning on the vaginal vestibule, 
improve pelvic fl oor muscles relaxation, restore satisfactory sexual function 

  Techniques and Tools:  Pelvic fl oor muscles therapeutic exercise, bio- 
feedback (if necessary), manual therapy, non-drugs topic products, vaginal 
dilators, self-home training   

   D.     Intervention  
 The initial phase of awareness and voluntary motor activity of the pelvic fl oor 
muscles is more complex for this patient (four dates). Then, priority is given 
to the use of muscle relaxation (Fig.  16.1 ). Subsequently, the use of manual 
therapy facilitates the recovery of this parameter’s muscular and viscoelastic 
properties of the pelvic fl oor muscles. After that, vaginal dilators are used. 
The patient performs self-training at home on a daily basis, including the 
techniques already used in the therapeutic setting. Since the beginning of 
treatment, the use of non- drugs topical products is proposed.        

   6.      Results  
 At 5 months since the beginning of pelvic fl oor physical therapy and rehabilita-
tion, the patient reported the resumption of sexual activity that occurs without 
pain, but without the pleasure present before birth. Over the next 2 months, the 
patient improves sexual function and reported a satisfactory recovery. 

 FSFI: 63   
   7.     Follow - Up  

 Four months after the end of physical therapy, the patient reported satisfaction 
with the maintenance of the results. 

 FSFI: 85      

  Fig. 16.1    Position used to 
relax and stretching pelvic 
fl oor muscles       
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16.4     Case 3: Anna, Rectocele 
(with the Courtesy of Vittorio Piloni) 

     1.     Symptoms, complaints reported, history, physical examination  
 ANNA, 49-year-old, weight 67 kg; height 167 cm, BMI 25.2, multiparous 
woman (three pregnancies with three vaginal births), currently in surgical meno-
pause.  History  of vaginal hysterectomy in 2010 due to pelvic organ prolapse; 
surgery for urethral caruncle in 2014. First-degree ano-vaginal tear at fi rst deliv-
ery without episiotomy.  Presenting symptoms  of diffi cult defecation, fraction-
ated stools, becoming worse during the last year. Stool frequency: 2–3 times in 
the day, with frequent sensation of incomplete emptying. She can defecate with-
out digitation. Urinary stress incontinence is complained. Large rectocele is 
noted at  physical examination.  Anal tonus is normal, and so are strength, endur-
ance and relaxation. At vaginal inspection, hypotone, decreased contractile 
activity and endurance are appreciated.   

   2.     Instrumental diagnosis:  
 COLONSCOPY: negative 
 MR DEFECOGRAPHY 
 See Fig.  16.2a, b     

   3.     Diagnosis  
 Rectocele   

   4.     Treatment  
 Surgery has been proposed to the patient, who accepted.   

   5.     Results  
 One year after surgery, the patient reported great improvement during defecation 
and is satisfi ed with the result.      

a b

  Fig. 16.2    ( a ) Axial image of the levator hiatus on straining, BFFE pulse sequence: large (>4 cm 
deep) rectocele projecting beyond the hymen; ( b ) midsagittal image taken during evacuation of 
rectal contrast (acoustic jelly) showing large rectocele due to displacement (Type 1) of pelvic organs       
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16.5     Case 4: Valeria, Obstructed Defecation 
(with the Courtesy of Vittorio Piloni) 

     1.     Symptoms, complaints reported, history, physical examination  
 A 55-year-old multiparous woman (weight, 65 kg; height 165 cm, BMI, 23.9) 
currently in menopause, with  history  of third-degree ano-vaginal tear at fi rst 
delivery, development of utero-vaginal prolapse at 1 year from the fourth child-
birth and subsequent surgical repair with combined hysterectomy and vagino-
plasty 5 years later.  Presenting symptoms  include obstructed defecation syndrome 
since 2 years with recent worsening, sensation maintained but feeling of unsatis-
factory evacuation and incomplete emptying, weight sensation and need for 
manual squeezing of the perineal region to complete the evacuation. Stool fre-
quency: once every 2–3 days. Additional lower urinary tract (LUT) symptoms 
reported include the following: increased daily and nocturnal frequency, occa-
sional urinary stress incontinence, hesitancy and need for abdominal straining to 
assist and complete voiding. Other general symptoms include back lumbar pain 
since 2 years. At  physical examination , with no evidence of any wall bulging, a 
defi nite vaginal gaping is appreciated together with hypertonic external anal 
sphincter and puborectalis muscle, weak voluntary contractile activity of the pel-
vic fl oor musculature, reduced genital hiatus widening on Valsalva manoeuvre 
and paradoxical contraction of the levator ani (LA) muscle. More precisely, 
while a muscular hypotone and decreased contractile activity is appreciated in 
the right limb of the LA, a hypertone and normal relaxation is observed in the left 
limb.   

   2.     Instrumental diagnosis:  
 MANOMETRY 

 Conclusions: Increased resting tone, insuffi cient increase in pressure at vol-
untary contraction. High-pressure zone length of 2.4 cm. RIRA elicited at 
140 ml. Ampullary fi rst sensation increased. Relaxation of the sphincter to dis-
tension of the rectum reduced with a paradoxical contraction during straining. 
Manometric framework compatible with obstructed defecation syndrome. 

 MR DEFECOGRAPHY 
 See Fig.  16.3a, b     

   3.     Diagnosis  
 Obstructed defecation syndrome linked to a paradoxical contraction of pelvic 
fl oor muscles   

   4.     Treatment  
 Conservative, pelvic fl oor physical therapy and rehabilitation 
 PELVIC FLOOR PHYSICAL THERAPY AND REHABILITATION:
    E.     Functional Assessment  

 In addition to the above, we have highlighted:
•    Sometimes, with sensation for evacuation, she is not satisfi ed with it.  
•   Sometimes she tries to defecate without sensation for evacuation.      
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   F.     Physical Examination  
 In addition to the above, we have highlighted:
•    Negative stress test.    
 B3. PAPER ASSESSMENT 
 WEXNER CONSTIPATION SCORE: 15/30 
 SF-36: Physical Functioning 90/100; Role-Physical 25/100; Body Pain 
84/100; General Health 20/100; Vitality 35/100; Social Role 37/100; 
Emotional Role 0/100; Mental Health 24/100.   

   G.      Planning  
  Therapeutic Goals:  Improve the coordination of puborectalis muscle during 
straining, decrease hypertonus of puborectalis muscle and external anal 
sphincter, normalize bowel habits 

  Techniques and Tools:  Pelvic fl oor muscles therapeutic exercise, bio-
feedback, rectal balloon, manual therapy, behavioural therapy, bowel train-
ing, anal dilators [ 17 – 20 ] 

  INTERVENTION:  
 An explanation about functioning of pelvic fl oor muscles has been pre-

sented, especially of the posterior region. The patient has been instructed not 
to strain without sensation to defecate and to defecate when the same sensa-
tion is present. Therapeutic exercises to relax posterior pelvic fl oor muscles 
have been used; then biofeedback, rectal balloon, manual therapy permitted 
the right coordination of puborectalis muscle (2 months, 1 times a week). 
Anal dilators have been used for hypertone. The patient used the exercise 
and anal dilators every day at home.       

   5.     Results  
 At the end of pelvic fl oor physical therapy and rehabilitation, the patient defecates 
once a day, almost every day; most of times she feels satisfactory evacuating and 

a b

  Fig. 16.3    ( a ) Axial image of the levator hiatus on straining, BFFE pulse sequence: large (>4 cm 
deep) rectocele projecting beyond the hymen indistinguishable from that of type I rectocele; ( b ) 
midsagittal image taken during evacuation showing protrusion of the anterior rectal wall and an 
asymmetric “sand glass” appearance of the ano-rectal junction (Type II rectocele) with persistent 
impression of the puborectalis muscle due to dyssynergic contraction of the levator ani muscle       
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complete emptying. She very rarely needs a manual sustainment of the perineal 
region to assist the evacuation. 

 WEXNER CONSTIPATION SCORE: 5/30 
 SF-36: Physical Functioning 100/100; Role-Physical 75/100; Body Pain 

100/100; General Health 86/100; Vitality 35/100; Social Role 75/100; Emotional 
Role 66/100; Mental Health 68/100.   

   6.     Follow-Up  
 Six months after the end of physical therapy, the patient reported satisfaction 
with the maintenance of the results. 

 WEXNER CONSTIPATION SCORE: 4 
 SF-36: Physical Functioning 100/100; Role-Physical 73/100; Body Pain 

100/100; General Health 88/100; Vitality 36/100; Social Role 75/100; Emotional 
Role 68/100; Mental Health 70/100.         
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